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ABSTRACT 


Results  are  presented  of  a  Cost-Effectiveness  Study  to  deter¬ 
mine  the  expedient  airfield  surfacing  systems  required  in  a  theater 
of  operations  during  the  1970-75  time  frame  to  support  the  U.S.  air 
mobility  concepts,  and  to  meet  the  Army  approved  Qualitative  Materiel 
Requirement  (QMR)  for  prefabricated  airfield  surfacings. 

Available  data  were  used  to  develop  the  theater  of  operations 
scenario,  airfield  and  aircraft  mixes,  traffic  rates,  and  landing  mat 
cost  and  performance  information.  Models  were  developed  to  meas¬ 
ure  the  cost  and  effectiveness  of  hypothetical  mats,  as  described  in 
the  QMR,  and  of  existing  mats  currently  in  the  inventory  or  under  de¬ 
velopment.  The  results  of  the  analysis  are  presented  as  recommen¬ 
dations  in  a  Landing  Mat  Development  Plan. 

As  a  result  of  the  findings  and  conclusions,  it  was  recommended 


that: 


The  current  requirement  for  a  landing  mat  family  consist¬ 
ing  of  three  duty  classifications  (heavy,  medium,  and 
light)  be  discontinued  and  replaced  by  requirements  for 
one  landing  mat  system  to  surface  tactical  airfield  and 
another  for  all  logistics  support  airfields. 

Since  the  current  Truss-Web  and  XM19  systems  meet  the 
essential  QMR  specifications,  they  should  be  type  classi¬ 
fied  as  standard  A  items  of  the  two  family  system  for  the 
1970-75  time  frame. 

Integrally  waterproofed  landing  mats  should  be  developed 
in  order  to  provide  the  most  cost-effective  systems. 


I.  BACKGROUND  AND  OBJECTIVES  OF  THE  STUDY 


On  25  September  1969,  the  U.  S.  Army  Engineer  Waterways 
Experiment  Station  (WES)  awarded  Contract  No.  DACA39-70-C-0010 
to  Booz,  Allen  Applied  Research,  Inc.  The  contract  calls  for  a  cost- 
effectiveness  study  of  aircraft  landing  mats;  and  it  contains  a  specific 
requirement  for  preparation  and  delivery  of  a  final  technical  report. 

This  document  is  the  required  report. 

1.  BACKGROUND 

The  U.  S.  Army  Engineer  Waterways  Experiment  Station  (WES) 
under  the  sponsorship  of  the  U.  S.  Army  Materiel  Command  (AMC) 
has  a  continuing  program  for  the  development  of  prefabricated  materials 
for  airfield  surfaces  (runways,  high-speed  exit  lanes,  taxiways,  parking 
strips,  etc. )  in  forward  areas.  Thus  far  in  the  program,  emphasis 
has  focused  on  the  development  of  mats  and  membranes  as  expedient 
airfield  surfacings.  The  mats  are  intended  to  provide  a  bearing  sur¬ 
face  capable  of  supporting  specified  aircraft  loadings  on  low  strength 
soils;  the  membranes  to  provide  a  means  of  waterproofing  and  dust- 
proofing  runways  and  taxiways  in  areas  where  soil  strength  is  adequate 
and  for  waterproofing  subgrades  beneath  landing  mats. 
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( 1 )  Prior  To  Initiation  Of  Thin  Study.  The  WHS  Had  Already 
Demonstrated  Techmral  Feasibility  Of  A  New  And 
Improved  Family  Of  Airplane  Landing  Mats 

The  WES  prefabricated  surfacing  program  has  demonstrated 
that  the  development  of  mais  and  membranes  is  technically 
feasible  and  a  Qualitative  Materiel  Requirement  (QMR),  "Pre¬ 
fabricated  Airfield  Surfaces"  has  been  approved  by  the  Department 
of  the  Army.  (A  copy  of  the  QMR  is  contained  in  Annex  A  of  the 
report. )  The  QMR  delineates  the  performance,  physical,  main¬ 
tenance  and  human  engineering  characteristics  which  both  the 
mats  and  membranes  must  possess  in  order  to  provide  the  Army 
with  improved  capability  to  produce  aircraft  landing  facilities 
in  theaters  of  operations  essential  for  support  of  the  air  mobility 
concepts  of  the  1970-197?  time  frame. 

(2)  After  The  Demonstration  Of  Technical  Feasibility,  USAMC 
Headquarters  Directed  That  WES  Explore  Certain 
Implications  Of  A  Decision  To  Proceed  Further  With 

The  Mat  Development  Program 

Having  demonstrated  technical  feasibility,  the  WES  has 
now  reached  an  important  milestone  in  the  prefabricated  sur¬ 
facing  development  program.  A  number  of  key  technical, 
econ  mic,  operational  and  logistical  questions  must  be  addressed 
before  the  program  can  proceed.  These  include,  but  are  not 
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limited  to,  quo Ht ions  such  as: 

.  Is  it  more  cost-effective  to  employ  mats  with 
integral  waterproofing  in  lieu  of  those  which 
require  separate  membranes  to  waterproof 
subgrades ? 

.  What  is  the  status  of  current  mat  development 
in  meeting  the  1970-1975  air  mobility  concepts'’ 

.  Are  the  current  mat  configurations;  i.  e. ,  size, 

weight,  dimensions;  operationally  and  logistically 
effective  ? 

.  Is  it  more  effective  from  a  cost  and  operational 

effectiveness  perspective  to  have  three  mat  types, 
i.c.  ,  light,  medium,  and  heavy  duty  instead  of 
only  one  or  two  duty  types? 


AMC  Headquarters  directed  that  these  questions  be  addressed  and 
authorized  WES  to  engage  contractor  assistance  for  their  resolution. 


2.  THE  STUDY  OBJECTIVE 

As  stated  in  WES  Contract  No.  DACA39-70-C-0010,  the  objective 
of  this  study  is  to  determine  the  composition  of  the  airfield  surfacing 
equipment  set  for  the  1970-1975  time  frame  that  will  efficiently  and 
economically  provide  the  required  aircraft  landing  facilities  for  support 
of  air  mobility  concepts.  (The  Work  Statement  for  the  study  is  contained 
in  Aiinex  B.  )  That  is,  the  study  will  identify,  on  a  cost-effective  basis, 
an  optimum  individual  or  mix  of  mats  and  membranes  and/or  waterproof 
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mats  from  among  the  current  or  proposed  designs. 


Additionally,  in  order  to  gain  insights  on  the  cost  and  effective¬ 
ness  implications  of  building  mat  systems  to  the  specifications  delineated 
in  the  QMR,  a  tradeoff  analysis  was  conducted.  The  analysis  will  deter¬ 
mine  the  effects  on  landing  mat  cost  and  mission  effectiveness  which 
derive  from  specific  changes  to  the  QMR  and  if  existing  systems  will 
meet  the  QMR  requirements. 

A  landing  mat  system  for  expedient  surfacing  of  airfields  in  a 
theater  of  operations  is  defined  as  one  or  more  types  of  landing  mats, 
by  duly  class,  with  subgrade  waterproofing  either  integral  to  the  mats 
or  provided  by  a  membrane  underlay. 

The  basic  purpose  of  this  study  is  to  develop  a  body  of  informa¬ 
tion  concerning  types,  weights,  and  mixes  of  landing  mat  systems  that 
will  support  subsequent  value  judgments  regarding  the  continued  develop¬ 
ment  of  these  systems.  The  next  chapter  describes  the  methodology 
that  was  employed  in  carrying  out  the  study. 
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II.  TIIK  TECHNICAL  APPROACH 


In  the  previous  chapter,  we  presented  a  summary  of  the  objectives 
of  the  cost-effectiveness  study  for  which  the  WES  issued  Contract  No. 
DACA39-70-C-0010,  and  of  the  background  circumstances  which  gave 
rise  to  the  requirement  for  the  study.  In  this  chapter,  we  present  a 
summary  of  the  technical  approach  to  the  study  and  certain  critical 
assumptions  that  were  made. 

1.  A  SUMMARY  OVERVIEW  OF  THE  TECHNICAL  APPROACH 

Exhibit  II- 1,  following  this  page,  is  a  diagrammatic  representa¬ 
tion  of  the  technical  approach  employed  during  the  study.  It  depicts 
the  sequence  and  interrelationships  among  the  tasks  that  were  performed. 
As  suggested  in  the  Work  Statement  for  the  study,  the  overall  technical 
approach  was  comprised  of  three  main  elements: 

Cost-Effectiveness  Analysis 
Tradeoff  Analysis 

.  Landing  Mat  Development  Plan. 

As  shown  in  the  exhibit,  the  cost-effectiveness  and  tradeoff  analyses 
started  simultaneously  at  the  outset  of  the  project  and  the  results  of 
both  analyses  were  used  in  formulating  Landing  Mat  Development  Plan 
recommendations. 
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Exhibit  II- 1  also  indicates  that,  overall,  eight  major  tasks  were 
performed  during  the  study: 

.  Landing  mat  system  mission  analysis  (i.e. ,  scenario 
development) 

.  Performance  model  development 

.  Landing  mat  system  life-cycle  cost  model  development 
.  Candidate  landing  mat  system  synthesis 

.  Cost-effectiveness  evaluations  of  candidate  systems 

.  Sensitivity  analyses 

.  Tradeoff  analysis 

.  Formulation  of  Landing  Mat  Development  Plan. 

The  first  six  of  the  above  tasks  comprise  the  cost-effectiveness 
analysis  portion  of  the  study.  The  next  chapter  of  this  report  describes 
the  thinking  that  resulted  in  selection  of  the  technical  approach  pictured 
in  Exhibit  1 1- 1  and  provides  summary  descriptions  of  the  objectives  and 
content  of  the  various  tasks.  Complete,  detailed  presentations  of  criti¬ 
cal  elements  of  the  methodology  (c.  g. ,  scenarios,  models,  etc.  )  are 
contained  in  the  annexes  to  this  report  which  are  referenced  at  appro¬ 
priate  points  in  the  text. 
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COST-EFFECTIVENESS  ANALYSIS 


2. 


ASSUMPTIONS 


« 


Early  in  the  study,  certain  ground  rules  and  assumptions  were 
developed  to  focus  the  study  effort  on  resolution  of  the  issues  of  pri¬ 
mary  concern  to  the  Army.  These  ground  rules  and  assumptions  were 
considered  necessary  and  appropriate  within  the  scope  of  the  study. 
They  are  documented  here  in  Exhibit  11-2,  following  this  page. 
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EXHIBIT  II- 2 
Study  Ground  Ruins 
And  Assumptions 


•  SUBGRADE  PREPARATION  REQUIRED  IS  COMPARABLE 
FOR  ALL  EXPEDIENT-SURFACED  AIRFIELDS,  AND  WILL 
NOT  BE  CONSIDERED  AS  A  VARIABLE  IN  THIS  STUDY 

•  PERFORMANCE  STANDARD  FOR  LANDING  MATS  AND 
MEMBRANES  (E.G. ,  100'J  COVERAGES  FOR  ACCEPTANCE) 

IN  EFFECT  AS  OF  1  OCTOBER  1969  WILL  BE  APPLICABLE 
FOR  THE  PERIOD  OF  THIS  STUDY 

•  DESIGN  CHARACTERISTICS  FOR  THE  VARIOUS  MATS  AND 
MEMBRANES  CONSIDERED  IN  THIS  STUDY  WILL  BE  THOSE 
IN  EFFECT  AS  OF  1  OCTOBER  1969 

•  EMPLACEMENT  RATES  FOR  ALL  MATS  AND  MEMBRANES 
ARE  INDEPENDENT  OF  EMPLACING  PERSONNEL  AND  AIR¬ 
FIELD  LOCATION 

•  LANDING  MAT  SYSTEM  REQUIRED  FOR  RUNWAYS.  AS 
DICTATED  BY  CHARACTERISTICS  OF  USING  AIRCRAFT. 

WILL  ALSO  BE  REQUIRED  FOR  TAXIWAYS  AND  PARKING 
AREAS. 

•  COVERAGE  DISTRIBUTION  ON  TAXIWAYS  AND  PARKING 
AREAS  WILL  BE  THE  SAME  AS  ON  RUNWAYS 

•  TIME  REQUIRED  FOR  DELIVERY  OF  A  LANDING  MAT 
SYSTEM  TO  POINT-OF-USE  IS  INDEPENDENT  OF  MAT  TYPES 
(I.  E.  .  IT  IS  THE  SAME  FOR  ALL  TYPES  OF  MATS  AND  MEM¬ 
BRANES) 

•  ALL  MODES  OF  TRANSPORTATION  (LAND,  SEA,  AIR)  CAN 
BE  USED  FOR  ALL  MAT  SYSTEMS 

•  ENVIRONMENTAL  EFFECTS  ON  LANDING  MAT  SYSTEMS 
WILL  NOT  BE  CONSIDERED  IN  THIS  STUDY 
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EXHIBIT  1 1  -  2  (Cont.  ) 


•  ALL  MATS  AND  MEMBRANES  INCLUDED  IN  THIS  STUDY 
ARE  CONSIDERED  TO  BE  PRODUCIBLE  BY  MASS  PRODUC¬ 
TION  TECHNIQUES  (I.  E. .  READILY  PRODUCIBLE  IN  VERY 
LARGE  QUANTITIES) 

•  REQUIREMENT  WILL  CONTINUE  TO  EXIST  FOR  SEVERAL 
DIFFERENT  DUTY  CLASSES  OF  AIRFIELDS,  TO  WIT: 

LIGHT  LIFT 
MEDIUM  LIFT 
HEAVY  LIFT 
TACTICAL 

•  AIRFIELDS  ASSIGNED  THE  SAME  MISSION,  SUCH  AS  MEDIUM 
LIFT,  WILL  SERVICE  THE  SAME  AIRCRAFT  MIX  AND  SORTIE 
RATES  REGARDLESS  OF  WHERE  THEY  ARE  LOCATED  IN  THE 
THEATER  OF  OPERATIONS 

•  THE  RATIO  OF  THE  NUMBER  OF  ANY  ONE  TYPE  AIRCRAFT 
TO  THE  TOTAL  AIRCRAFT  INVENTORY  IS  THE  SAME  RATIO 
AS  EXISTS  IN  ANY  THEATER  OF  OPERATIONS 

•  ANY  AIRCRAFT  CAN  USE  ANY  TYPE  AIRFIELD  fN  AN  EMER¬ 
GENCY  WITH  USE  CONSTRAINED  ONLY  BY  RUNWAY  SIZE 

•  STANDARD  COST  CATEGORIES  WILL  BE  USED  IN  THfc  STUDY: 

RDT&E  COSTS 

INITIAL  INVESTMENT  COSTS 
OPERATING  COSTS 

•  SHIPPING  COSTS  BY  MODE  OF  TRANSPORTATION  WILL  BE 
STANDARD  COSTS  CURRENTLY  IN  USE  BY  THE  ARMY 
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EXHIBIT  1 1  -  2  (Cont.  ) 


•  LABOR  COST  TO  EMPLACE  MATS  AND  MEMBRANES  ONLY 
WILL  BE  CONSIDERED,  I.  E. ,  SUBGRADE  PREPARATION 
COSTS  WILL  NOT  BE  CONSIDERED 

•  ROUTINE  MAINTENANCE  INSPECTION  COSTS  WILL  BE  THE 
SAME  FOR  ALL  LANDING  MAT  SYSTEMS  AFTER  AIRFIELD 
SURFACE  IS  INSTALLED,  AND  WILL  NOT  BE  CONSIDERED 
IN  THIS  STUDY 

•  ALL  COSTS  WILL  BE  IN  CONSTANT  1969  DOLLARS,  I.  E. , 

NO  INFLATION  WILL  BE  CONSIDERED 

•  AIRFIELD  SURFACING  MATERIAL  REQUIREMENTS  WILL 
BE  PER  TM  5-366  (BY  AIRFIELD  LIFT  CLASSIFICATION) 

•  RDT&E  COSTS  ARE  CONSIDERED  TO  BE  CONSTANT  FOR  ALL 
TYPES  OF  MATS 

•  SINCE  UNIT  COSTS  FOR  LARGE  VOLUME  BUYS  TEND  TO 
BOTTOM  OUT  AT  APPROXIMATELY  10MILLION  SQUARE  FEET, 
THE  PROCUREMENT  COST  FIGURES  ARE  BASED  UPON  THE 
BOTTOM  PRICE  WITH  ONLY  A  BUY  OF  10  MILLION  SQUARE 
FEET  CONSIDERED 

•  AN  AVERAGE  PRICE  FOR  EACH  DUTY  CATEGORY  OF  MATS 
WAS  DEVELOPED  TO  ACCOUNT  FOR  THE  VARIATION  IN  UNIT 
COSTS  WHICH  ARE  PROCESS  ORIENTED.  CONSIDERING  A 
MEDIUM  DUTY  COST  AS  A  BASE  LINE,  THE  UNIT  COST  OF 
HEAVY  DUTY  EXTRUDED  MATS  DECREASES  WHILE  THAT  OF 
HEAVY  DUTY  SANDWICH  TYPE  MATS  INCREASES.  THE  RE¬ 
VERSE  IS  TRUE  OF  LIGHT  DUTY  MATS 

•  CONUS  SHIPPING  COSTS  ARE  CONSIDERED  TO  BE  A  PORTION 
OF  THE  PROCUREMENT  CONTRACT  AS  FIRST  DESTINATION 
COSTS 
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EXHIBIT  II- 2  (Cont.  ) 


•  THE  COST  OF  ANCILLARY  ITEMS  IS  CONSIDERED  TO  BE 
COMMON  TO  ALL  TYPES  OF  MATS  AND  IS  NOT  COSTED 
AS  A  SEPARATE  ITEM 

•  THE  STUDY  ASSUMES  THAT  INTRA-THEATER  SHIPMENT 
OF  MATS  WILL  BE  ACCOMPLISHED  BY  AIR  TRANSPOR¬ 
TATION  AND  USES  C- 130  COSTS  AS  A  MEAN,  SO  AS  NOT  TO 
PENALIZE  MATS  BECAUSE  OF  WEIGHT  EXTREMES.  (IT 

IS  RECOGNIZED  THAT  ALL  MODES  OF  TRANSPORTATION 
WILL  BE  USED) 

•  MAT  PLACEMENT  COSTS  ARE  BASED  UPON  SQUARE  FOOTAGE 
PER  MAN  HOUR  AND  DO  NOT  CONSIDER  MULTIPLE  EMPLACE¬ 
MENT  CREWS. 
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III.  METHODS  AND  TOOLS  OF  THE  ANALYSIS 


The  previous  chapter  provided  a  summary  overview  of  the 
technical  approach  employed  in  the  study  and  identified  the  eight  major 
tasks  that  comprised  the: 

.  Cost-Effectiveness  Analysis 

.  Tradeoff  Analysis 

.  Landing  Mat  Development  Plan 

elements  of  the  study.  This  chapter  discusses  the  rationale  that 

supports  the  technical  approach  and  provides  a  summary  description 
of  the  objectives  and  content  of  the  eight  major  tasks. 

To  provide  a  firm  basis  for  understanding  of  the  material  that 
follows  in  this  section,  it  is  appropriate  to  define  the  terms  "tradeoff 
analysis"  and  "cost-effectiveness  analysis"  in  the  context  of  this  study. 

The  term  "tradeoff  analysis"  is  used  herein  to  describe  the  steps 
necessary  to  define  the  impact  of  variations  in  one  landing  mat  system 
parameter  on  other  system  parameters.  In  particular,  in  this  study 
we  are  interested  in  defining: 
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.  The  impact  of  variations  in  certain  landing  mat  system 
design  characteristics  on  system  performance,  mission 
effectiveness,  and  cost 

.  The  impact  of  variations  in  QMR  specified  performance 
characteristics  on  system  mission  effectiveness  and  cost 

.  The  impact  of  variations  in  system  effectiveness  on 
system  costs. 

It  is  clear  from  this  definition  that  the  study  methodology  should  be 
structured  to  produce  relationships  (or  data)  that  illuminate  the  impact 
of  variations  made  in  the  independent  variables  (named  above)  on  the 
dependent  variables. 

The  term  "cost-effectiveness  analysis"  is  used  herein  to  describe 
steps  required  to  make  quantitative  comparisons  of  the  life-cycle  costs 
and  mission  effectiveness  of  various  candidate  landing  mat  systems. 

When  considered  together,  the  definitions  of  the  terms  "tradeoff 
analysis"  and  "cost-effectiveness  analysis"  suggest  that  portions  of  the 
data  that  are  required  to  illuminate  tradeoff  options  of  interest  (as 
enumerated  above)  will  be  developed  as  a  natural  consequence  of  per¬ 
forming  the  cost-effectiveness  analysis. 

1.  LANDING  MAT  SYSTEM  MISSION  ANALYSIS 

The  essence  of  a  cost-effectiveness  study  is  the  quantitative 
comparison  of  life-cycle  cost  and  mission  effectiveness  of  a  set  of 
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alternative,  candidate  system  configurations.  Cost-effectiveness 
analyses  can  be  conducted  in  either  of  two  ways: 


Candidate  systems  can  be  configured  such  that  all  are 
equally  effective  and  then  comparisons  of  their  life- 
cycle  costs  are  meaningful,  or 

Candidate  systems  can  be  configured  such  that  their 
life-cycle  costs  are  equal  and  then  comparisons  of 
their  effectiveness  are  meaningful. 


In  this  study,  it  proved  convenient  to  choose  the  former  course,  i.  e. , 
a  quantified  landing  mat  system  mission  was  postulated.  Noting  that 
the  QMR  contains  a  requirement  that  landing  m:.ts  provide  6  months  of 
operational  life,  the  landing  mat  system  mission  was  stated  as  follows: 

"Provide  at  least  6  months  of  operational  life  (with  no  more  than 
10%  mat  replacement)  on  all  airfields  in  a  typical  foreign  theater 
of  operations,  under  typical  aircraft  traffic  loads.  " 

Candidate  systems  were  configured  that  would  meet  this  mission 
requirement,  and  their  life- cycle  costs  were  then  compared.  The 
techniques  employed  in  implementing  this  procedure  are  discussed  in 
later  sections  of  this  chapter. 
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( 1 )  The  System  Mission  Scenario  Defines  Theater  Airfield 
Environmental  and  Traffic  Load  Factors  That  Bear  on 
Landing  Mat  System  Operational  Life 


Given  the  above  statement  of  landing  mat  system  mission, 
it  is  apparent  that  a  complete  and  definitive  description  of  the 
mission  environment  should  contain  answers  to  the  following 
questions: 


How  many  different  types  of  airfields  are  found  in 
a  typical  foreign  theater  of  operation? 

What  are  the  configuration  and  dimensions  of  each 
type? 

How  many  fields  of  each  type  are  found  in  a  typical 
foreign  theater,  where  in  the  theater  are  they 
located,  and  what  is  the  soil  strength  at  the  site 
of  each  field? 

What  kinds  of  aircraft  can  be  expected  to  operate 
from  each  field  in  the  theater,  and  how  frequently 
do  they  land  and  take  off? 


A  principal  product  of  the  mission  analysis  task  of  this  study 
is  the  Landing  Mat  System  Mission  Scenario.  The  scenario, 
presented  in  Annex  C,  does  provide  the  answers  to  all  these 
questions.  It  also  indicates  the  sources  of  the  various  data 
elements. 
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In  summary,  the  scenario  describes  a  foreign  theater 
of  operations,  patterned  after  the  "typical"  theater  concept 
described  in  TM  5-366.  It  is  assumed  to  be  located  at  a  distance 
of  8000  miles  from  a  source  of  landing  mats  in  CONUS,  The 
theater  contains  fifteen  (15)  expedient  surface  airfields  of  four 
types: 

.  Heavy  lift 

.  Medium  lift 

Light  lift 
.  Tactical. 

Exhibit  III- 1 ,  following  this  page,  indicates  how  the  15  airfields 
are  distributed  among  the  battle  area,  forward  area,  support 
area,  and  rear  area  of  the  theater.  The  configuration  and 
dimensions  of  each  type  airfield  are  described  in  Annex  C  in  a 
format  similar  to  that  of  Exhibit  III- 2  of  this  chapter.  From 
data  such  as  those  of  Exhibit  III-2,  the  required  landing  mat 
area  was  calculated  for  each  airfield  type  and  the  last  two  col¬ 
umns  of  Exhibit  III- 1  were  developed. 

The  theater  descriptor  data  of  Annex  C  also  indicate  the 
aircraft  traffic  that  is  postulated  for  each  airfield  type.  It  was 
assumed  in  the  study  that  the  traffic  load  would  be  imposed  by  a 
fleet  containing  only  7  aircraft  types: 
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KXIliniT  in- 2 
Typical  Presentation  Of 
Airfield  Configuration  and  Dimensions 
(Idght  Lift,  Forward  Area  Field) 
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AIRFIELD  TRAFFIC  AREA  REQUIREMENTS 


RUNWAY 
TAXIWAY 
PARKINS  APRON 
WARM-UP  APRON 


72,000  SQ.  FT. 
48,000  SQ.  FT. 
72,000  SQ.  FT. 
26,000  SQ.  FT. 


TOTAL  -  220,000  SQ.  FT. 
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C-  7 
C-  123 
C- 130 
C-5A 
C*  141 
F-4C 
F-llin. 


Of  courre,  expedient  surfaces  airfields  will  be  called  upon  to 
support  the  operations  of  other  aircraft  types  in  the  1975  time 
frame.  These  could  include  any  U.  S.  military  or  commercial 
aircraft  now  in  operational  inventory,  in  production,  or  in 
development.  They  might  also  include  aircraft  of  allied  nations. 


However,  the  single  wheel  load,  tire  pressure,  and 
ground  contact  area  characteristics  of  the  7  aircraft  types  listed 
above  are  representative  of  the  full  spectrum  of  loadings  that 
could  be  imposed  on  airfield  surfaces  by  1975  time  frame  air¬ 
craft. 


Regarding  the  volume  of  traffic  postulated  at  each  airfield 
type.  Annex  C  contains  a  detailed  presentation  of  the  sources 
used  and  the  assumptions  made  in  developing  these  data. 
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(2)  The  Cost-Fffcctivcncss  Evaluation  Procedure  Provides 

For  Sensitivity  Analysis  of  Critical  Mission  Assumptions 

It  was  recognized  during  the  study  that  one  key  element 
of  the  quantified  landing  mat  mission  statement  (above)  is  quite 
arbitrary.  We  refer  to  the  mission  requirement  for  6  months  of 
airfield  operational  life. 

Moreover,  the  Landing  Mat  System  Mission  Scenario  of 
Annex  C  describes  a  "typical"  foreign  theater  of  operations  for 
the  1975  time  frame.  It  is  recognized  that,  in  reality,  no  theater 
description  can  really  be  callqd  typical.  The  number  of  airfields 
(of  each  type)  in  a  foreign  theater  will  vary  from  theater-to- 
theater  with  the  size,  configuration,  and  composition  of  the 
theater  itself  and  of  the  deployed  force;  and  the  soil  strength 
at  the  site  of  each  airfield  in  the  typical  theater  is  virtually 
unpredictable.  Nevertheless,  the  cost-effectiveness  analysis 
required  that  some  estimate  be  made  of  the  airfield  composition 
and  soil  strength  of  the  typical  theater. 

Accordingly,  the  implications  of  these  selections  and 
estimates  of  mission  and  theater  environmental  factors  were 
explored  in  sensitivity  analyses  described  later  in  this  chapter. 
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2. 


LANDING  MAT  EVALUATION  MODEL  DEVELOPMENT 


As  stated  earlier  in  this  chapter,  it  was  convenient  in  conduct¬ 
ing  the  cost-effectiveness  analysis  of  this  study  to  compare  life-cycle 
costs  cf  candidate  landing  mat  systems  that  had  been  configured  to  be 
equally  ctfcctive.  More  specifically,  a  cost  estimate  to  sustain  at 
least  6  months  of  aircraft  operations  at  all  airfields  in  the  theater  of 
operations  was  developed  for  each  candidate  landing  mat  system. 

Thus,  all  candidate  systems  were  evaluated  against  a  common  effect¬ 
iveness  requirement,  i.  e. ,  a  requirement  for  6  months  of  operational 

...  (1) 
life. 

To  accomplish  these  evaluations,  it  was  necessary  to  develop 
a  Landing  Mat  Evaluation  Model  comprised  of  two  independent,  but 
integrated,  submodels.  These  are  called  the  Performance  model 
and  the  Life-Cycle  Cost  model.  Exhibit  III- 3,  following  this  page, 
is  a  pictorial  representation  of  the  Landing  Mat  Evaluation  Model 
showing  the  interrelationship  of  the  Performance  and  Life-Cycle  Cost 
models. 


(1)  Later  in  the  study,  the  sensitivity  of  the  results  of  these 

evaluations  to  variations  in  the  6-month  criteria  were  also 
examined.  This  sensitivity  analysis  is  further  discussed 
later  in  this  chapter. 
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(1)  The  Performance  Model  Calculates  the  Life  of  Each 

Expedient  Surface  Airfield  in  its  Operational  Environment 

The  principal  problem  that  had  to  be  solved  in  development 
of  the  Performance  model  was  the  formulation  of  a  set  of  equations 
and  relationships  that  would  support  calculation  of  the  operational 
life  of  each  candidate  landing  mat  type  when  employed  on  a  partic¬ 
ular  type  airfield  and  stressed  by  the  scenario-prescribed  aircraft 
traffic. 

The  mathematical  model  that  was  developed  to  accomplish 
these  calculations  requires  five  types  of  input  data: 


Aircraft  traffic  load,  i.  e. ,  specification  of  the 
number  of  sorties  (landing  and  takeoff  operations) 
that  will  be  executed  by  each  aircraft  type  on  each 
airfield  type,  each  month 

Characteristics  of  each  aircraft  type 

Single  wheel  load 

Tire  pressure 

Tire  contact  area 

Coverages  per  sortie  conversion  factor 
for  each  aircraft  type 

Landing  mat  performance  characteristics 

Weight  per  square  foot 

Placement  rate 
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.  Descriptions  of  theater  landing  fields 
Area 

Soil  strength 

.  Description  of  candidate  landing  mat  systems, 
i.  e.  ,  specification  of  the  mat  and  membrane 
type  employed  on  each  airfield. 

Definitions  of  the  form  and  content  of  each  of  the  above  data 
items  are  contained  in  Annex  F.  The  data  values  that  were 
actually  used  in  each  exercise  of  the  model  are  presented  in 
Annex  G. 

The  model  operates  on  these  input  data  to  calculate  the 
elements  of  a  matrix  that  states  the  expected  life  (in  months) 
of  each  candidate  landing  mat  type  on  each  airfield  type  when 
stressed  by  the  aircraft  traffic  expected  at  that  field.  The 
equations  and  relationships  associated  with  these  calculations 
are  described  in  detail  in  Annex  F. 

The  expected  life  matrix  de  eloped  by  the  Performance 
model  is  a  primary  input  to  the  landing  mat  system  Life-Cycle 
Cost  model. 
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(2)  The  Life -Cycle  Cost  Model  Calculates  the  RDT&.E, 

Initial  Investment,  and  6-Month  Operational  Costs 
of  Each  Candidate  System 

For  the  purpose  of  this  cost-effectiveness  analysis,  the 
mission  to  be  performed  by  the  candidate  landing  mat  systems 
was  to  surface  the  airfields  in  the  selected  theater  for  6  months. 
This  was  a  fixed  effectiveness  level.  Therefore,  total  system 
life-cycle  cost  became  the  selection  criterion.  The  purpose  of 
the  Life-Cycle  Cost  model  is  to  compute  this  total  life-cycle 
cost  for  each  of  the  candidate  systems.  The  cost  computations 
are  based  on  a  variety  of  inputs: 

.  System  Descriptions 

Numbers  and  types  of  mat  required  at  each 
airfield  in  the  theater 

Locations  of  theater  airfields 

.  Technical  Characteristics 

Weight  of  mat 

Weight  of  membrane 

Placement  rates 

Bundle  sizes 

.  Cost  Characteristics 

Purchase  cost  of  mats 
R&D  cost  per  mat  system 
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Accessory  costs 

Membrane  costs 

Support  System  inputs 

Overseas  shipping  costs 

Man  hour  costs 

Intratheater  shipping  speeds 

Intratheater  shipping  vehicle  operational 
costs 

Intratheater  vehicle  payload. 


Definitions  of  the  form  and  content  of  each  of  these  input  data 
items  are  contained  in  Annex  F.  The  data  values  actually  used 
are  presented  in  Annex  G.  These  input  data  items  are  combined 
with  the  wear  rate  and  active  life  data  derived  from  the  Perform 
ance  model  to  compute  the  seven  elements  of  life-cycle  cost: 


.  Research  and  Development  Cost 

.  Procurement  Cost 

.  Transportation  Cost 

.  Placement  Cost 

.  Maintenance  Cost 

.  Replacement  Cost 

.  Value  Remaining. 


These  seven  elements  are  computed  by  the  Life -Cycle  Cost 
model  and  summed  algebraically  to  produce  the  total  life-cycle 


III  -  15 


cost  for  each  candidate  landing  mat  system.  The  details  of 
these  calculations  and  the  assumptions  on  which  they  are  based 
appear  in  Annex  E. 


3.  CANDIDATE  LANDING  MAT  SYSTEMS  SYNTHESIS 


To  assure  that  the  cost-effectiveness  and  tradeoff  analyses  of 
the  study  would  produce  meaningful  and  useful  results  (in  the  context 
of  the  study  objectives),  it  was  necessary  to  define  a  set  of  alternative 
candidate  landing  mat  systems  whose  characteristics  span  the  range 
of  interest  of  critical  systems  design  variables.  This  required  con¬ 
sideration  of  the  following  factors: 


The  study  seeks  quantitative,  cost-effectiveness 
comparisons  of  systems  comprised  of  different  mixes 
of  mat  duty  classes  (i.  e.  ,  heavy  duty,  medium  duty, 
and  light  duty  classes).  The  list  of  candidates  should 
include  systems  that  are  representative  of  each  possible 
mix  of  duty  classes.  Thus,  seven  families  of  systems 
were  synthesized  for  analysis: 

Heavy  duty  mats  only 

Medium  duty  mats  only 

Light  duty  mats  only 

Heavy  and  medium  duty  mats  only 

Heavy  and  light  duty  mats  only 

Heavy,  medium,  and  light  duty  mats 

Heavy,  ard  light  duty  mats  only 
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Exhibit  III- 4,  following  this  page,  lists  the  constituent 
elements  of  landing  mat  systems  analyzed  in  the  study 
in  the  seven  families  above. 

The  study  seeks  comparisons  of  the  cost  effectiveness 
of  landing  mats  now  in  development,  production,  or 
operational  inventory;  with  hypothetical  mats  that  meet 
the  requirements  of  the  QMR.  The  mat  systems  of 
Exhibit  III-4  were  structured  to  facilitate  these  compari¬ 
sons. 

Comparisons  of  landing  mat  systems  with  integrally 
waterproofed  mat  systems  are  also  required.  The 
systems  of  Exhibit  III  -  4  accommodate  this  requirement 
also. 


Each  of  the  mat  systems,  defined  in  Exhibit  III-4,  was  evaluated  using 
the  models  described  in  Annex  F  of  this  report.  The  results  of  the 
evaluations  are  presented  in  detail  in  Annex  G,  and  summarized  in 
Chapter  IV. 

Exhibit  II1-4  indicates  only  the  identification  of  landing  mat 
types  included  in  the  candidate  systems  whose  cost  effectiveness  was 
analyzed.  Further  design  details  concerning  each  mat  and  membrane 
type  are  presented  in  Annex  D  of  this  report. 

4.  COST-EFFECTIVENESS  EVALUATIONS  OF  CANDIDATE 

SYSTEMS 

Once  the  Landing  Mat  Evaluation  Model  had  been  developed, 
candidate  landing  mat  systems  had  been  identified,  and  needed  input 
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data  had  been  assembled,  the  next  step  was  exercise  of  the  models 
to  evaluate  the  cost-effectiveness  of  the  candidate  systems. 

It  was  necessary  to  conduct  only  a  single  run  of  the  Performance 

model  (which  is  entirely  deterministic)  to  produce  a  complete  matrix 

of  expected  life  data.  As  indicated  earlier,  this  matrix  defined  the 

expected  life  (in  months)  of  all  mat  types  represented  in  the  candidate 

(2) 

landing  mat  systems  on  every  type  of  airfield  in  the  typical  theater. 

The  calculated,  expected  life  matrix  is  presented  in  a  later  chapter 
of  this  report  and  in  Annex  G. 

The  life-cycle  cost  model  w;.  s  exercised  once  for  each  candi¬ 
date  landing  mat  system  against  a  stated  mission  requirement  of 
6  months  of  operational  life  for  each  airfield.  For  purposes  of  life- 

cycle  cost  calculation,  any  field  which  failed  before  the  6-month 

(3) 

requirement  was  met  was  assumed  to  be  refurbished  at  the  time 
of  failure  through  as  many  iterations  as  were  required  to  provide 
6  months  of  operational  life. 


(2)  An  assumption  was  made  in  this  model  exercise  that  the  soil 
strength  at  each  airfield  was  CBR  4. 

(3)  In  refurbishing  an  airfield,  the  landing  mats  comprising  the 
center  1/3  of  all  runways  and  taxiways  are  replaced. 
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EXHIBIT  III— I 
Candidate  l.andir.c  Mat 
Systems  Analyzed 


m  -  19/20 


V 

Thus,  these  model  exercises  produced  a  life-cycle  cost  esti¬ 
mate  for  each  candidate  landing  mat  system  when  challenged  by  a 
mission  requirement  for  6  months  of  operational  life. 

5.  SENSITIVITY  ANALYSES 

Earlier  in  this  chapter,  it  was  noted  that  certain  selections  and 
estimates  of  mission  and  environmental  factors  were  made  in  setting 
up  the  model  exercises  described  above: 

.  The  QMR  requirement  for  6  months  of  operating  life 
was  assumed  to  be  valid 

.  The  soil  strength  at  each  field  in  the  theater  of  opera¬ 
tions  was  assumed  to  be  CBR  4, 

To  explore  the  effects  of  these  assumptions  on  the  conclusions  of  the 
study,  two  sets  of  sensitivity  tests  were  conducted. 

In  the  first  set  of  tests,  the  full  set  of  model  exercises  described 
in  Paragraph  4  above  was  repeated  twice,  in  each  repitition,  a 
different  value  was  used  as  the  operational  life  requirement.  The 
values  used  were  3  months  and  24  months. 

In  the  second  set  of  tests,  the  full  set  of  model  exercises  was 
repeated  three  times  using  a  different  soil  strength  assumption  each 
time.  Values  used  included  CBR's  of  2,  6,  and  8.  Although  CBR  2 
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was  used,  it  is  considered  unlikely  that  expedient  surfaces  airfields 
would  actually  be  layed  on  such  soil  without  preconditioning  to  improve 
the  soil  strength. 

6.  TRADEOFF  ANALYSIS 


An  earlier  paragraph  of  this  chapter  described  the  scope  of 
tradeoff  interest  in  this  study.  The  tradeoffs  of  interest  can  be  sum 
marized  more  graphically  as  in  Table  1,  below. 

Table  1 

Tradeoffs  of  Interest 


Landing  Mat  Systems 

Design 

Performance 

Effectiveness 

Cost 

Design 

* 

Performance 

© 

m 

Effectiveness 

Eefl 

Each  asterisk  in  the  table  represents  an  interest  in  tradeoff  informa¬ 
tion  between  the  row  and  column  paired  by  the  asterisk. 

Data  required  to  define  tradeoff  options  between  system  param¬ 
eters  paired  by  circled  asterisks  were  developed  during  the  cost- 
effectiveness  comparisons  of  candidate  landing  mat  systems.  Develop¬ 
ment  of  relationships  and  data  required  to  define  tradeoff  options 
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between  system  parameters  paired  by  the  uncirclcd  asterisks  were 
developed  during  this  task. 

Data  required  to  support  development  of  tradeoff  possibilities 
were  assembled  from: 

.  Waterways  Experiment  Station 

.  U.  S.  Army  Materiel  Command,  Headquarters 

.  U.  S.  Army  Combat  Developments  Command, 

Headquarters 

.  U.  S.  Army  Combat  Developments  Command, 

Engineering  Agency 

.  U.  S.  Army  Deputy  Chief  of  Staff,  Logistics 

.  U.  S.  Air  Force  Logistics  Command,  Headquarters 

.  Harvey  Aluminum  Company,  Torrance,  California 

.  Kaiser  Aluminum  and  Chemical  Company, 

Oakland,  California 

.  Dow  Chemical  Company,  Midland,  Michigan 
.  Goodyear  Aerospace  Corporation,  Akron,  Ohio. 

A  complete  list  of  the  companies  contacted  and  the  reference  docu¬ 
ments  used  is  presented  in  Annex  I.  Results  of  the  tradeoff  analysis 
are  presented  in  the  next  chapter  of  this  report. 
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7. 


FORMULATION  OF  THE  LANDING  MAT  DEVELOPMENT  PLAN 


This  final  task  of  our  study  methodology  had  a  threefold  objective 
as  follows: 


To  provide  answers  to  the  Essential  Elements  of  Analysis 
(EEA)  that  are  enumerated  in  the  contractual  work  state¬ 
ment 

To  formulate  recommendations  that  will  guide  the  future 
course  of  the  landing  mat  development  plan 

To  document  the  findings,  conclusions,  and  recommenda¬ 
tions  of  the  study  in  a  final  technical  report. 


Accomplishments  of  these  objectives  required  interpretation  and 
integration  of  the  work  of  all  prior  tasks  of  the  study.  The  substantive 
results  of  this  task  are  presented  in  the  next  two  chapters  of  this 
report. 
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IV.  FINDINGS  AND  CONCLUSIONS 


As  stated  in  the  last  two  chapters,  the  key  elements  of  the  study 
approach  included  a  tradeoff  data  collection  effort,  a  landing  mat  sys¬ 
tem  cost-effectiveness  analysis,  and  several  sensitivity  analyses. 

The  discussion  of  the  findings  and  conclusions  of  the  study  is  organized 
under  four  major  headings: 

.  Landing  Mat  Performance 

.  Landing  Mat  System  Cost-Effectiveness 

.  Sensitivity  Analyses 

.  Analysis  of  the  QMR. 

In  each  of  these  topic  areas,  the  results  of  all  the  efforts  of  the 
study  are  integrated  as  required  to  permit  presentation  of  a  logical 
and  coherent  discussion  of  the  study  findings. 

1.  LANDING  MAT  PERFORMANCE 


The  primary  objective  of  this  study  was  to  determine  the  compo¬ 
sition  of  the  airfield  expedient  surfacing  equipment  set  for  the  1970-75 
time  frame  that  will  most  efficiently  and  economically  provide  the 
required  aircraft  landing  facilities  for  support  of  air  mobility  concepts. 
It  was  assumed  that  these  requirements  could  be  satisfied  by  landing 
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mats  described  by  the  QMR,  and  a  set  of  hypothetical  mats  was 
defined  which  represent  the  performance  characteristics  as  stated  by 
Enclosure  1  to  the  QMR  (Annex  A).  To  achieve  the  objective,  it  was 
necessary  to  evaluate  the  capabilities  of  not  only  the  hypothetical 
mats,  but  of  existing  landing  mats  as  well,  to  meet  the  1970-75  expe¬ 
dient  surfaces  mission  requirements. 

The  mission  requirements  (i.  e. ,  support  of  1970-75  aircraft 
operations  on  the  various  types  of  airfields  in  a  foreign  theater  of 
operations)  are  defined  and  documented  in  the  Landing  Mat  System 
Mission  Scenario  (Annex  C).  The  various  types  of  hypothetical  and 
existing  mats  were  evaluated  against  these  mission  requirements  in 
the  Performance  Submodel  (Annex  F).  The  first  step  was  to  evaluate 
the  performance  of  the  various  mats,  in  terms  of  their  life  expectancy 
on  airfields  in  the  theater  of  operations,  against  the  fundamental  re¬ 
quirement  for  6  months  operational  life  given  by  the  QMR.  Exhibit  IV- 1, 
following  this  page,  presents  the  results  of  the  life  expectancy  evaluation. 

Several  significant  conclusions  can  be  drawn  from  the  data  of 
Exhibit  IV- 1: 


Based  on  the  aircraft  types,  traffic  densities,  and  the 
QMR  sortie  rates  employed  in  the  performance  submodel, 
and  assigning  the  QMR  mat  duty  classes  as  follows: 
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EXHIBIT  IV- 1 


Landing  Mat  Performance 
(Life  in  Months) 
at  CBR  4 


Landing 

Mat  Type 

Tactical 

Airfield  Type 

Heavy  Lift  Medium  Lift* 

Light  Lift 

Heavy  Duty: 

QMR  Mat 

39.50 

59.89 

63.46 

111.61 

Dow  Truss  Web 

59.  17 

61.73 

63.46 

111.61 

XM-20 

25.01 

56.75 

63.  46 

111.61 

Medium  Duty: 

QMR  Mat 

3. 15 

23.  30 

63.46 

111.61 

XM-19 

5.95 

32.69 

63.46 

111.61 

XM-18 

3.66 

24.  94 

63.  46 

111.61 

AM-2 

2.38 

18.68 

63.46 

111.61 

Light  Duty: 
QMR  Mat 
M8A1 


0.09  0.  59  2.78  111.61 

0.08  0.42  2.  16  111.61 


*  Identical  life  values  in  these  columns  represent  25, 000  coverage 
limit  of  aircraft  using  these  fields. 
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Heavy  duty  mats  on  tactical  airfields 

Medium  duty  mats  on  heavy  and  medium  lift 
airfields 

Light  duty  mats  on  light  lift  airfields. 


then  the  performance  capability  of  the  hypothetical 
(QMR)  mats  substantially  exceeds  the  operational 
requirement  for  a  6-month  mat  life. 

On  the  same  basis,  it  is  also  apparent  that  a  family 
of  landing  mats  which  substantially  exceeds  the 
6-month  life  requirement  can  be  assembled  entirely 
from  mats  already  in  existence. 

Heavy  duty  mats  and  medium  duty  mats  can  satisfy 
the  operational  mission  requirements  for  a  variety 
of  airfield  types. 

Light  duty  mats  are  the  least  desirable  type  for  inclu¬ 
sion  in  any  landing  mat  system  because  of  their  short 
life  on  all  but  light  lift  airfields. 


Finally,  it  is  noted  that  the  identical  mat  life  values  appearing 
in  the  last  two  columns  of  Exhibit  IV- 1  are  the  result  of  restricting 
mat  life  to  a  limit  of  25,000  coverages  of  certain  types  of  aircraft, 
even  though  estimates  by  the  WES  have  indicated  that  much  greater 
coverage  levels  might  be  achieved  with  those  aircraft.  Exhibit  G-9 
of  Annex  G  displays  the  calculated  longer  life  values.  The  longer  life 
values  were  not  used  in  obtaining  results  in  this  study  for  two  reasons. 
First,  many  of  the  values  are  so  large  as  to  unduly  bias  the  results 
in  favor  of  nonfailure  and  unrealistically  low  life-cycle  costs.  Second, 
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the  extremely  long  life  values  obtained  by  calculation  have  not  been 
verified  by  actual  test  results. 

2.  LANDING  MAT  SYSTEM  COST  EFFECTIVENESS 

As  described  previously,  the  cost  effectiveness  of  the  candidate 
landing  mat  systems  was  evaluated  against  a  mission  requirement  for 
6  months  of  airfield  life  at  all  fields  in  the  theater  of  operations.  The 
candidate  systems  themselves  are  defined  in  detail  in  Annex  D. 

Any  expedient  surface  that  failed  prior  to  6  months  was  refurbished 
and  the  refurbishment  costs  were  added  to  the  candidate  system's 
life-cycle  cost. 

In  this  type  of  a  cost-effectiveness  analysis,  the  system  life- 
cycle  cost  (LCC)  itself  is  the  principal  measure  of  system  cost  effect¬ 
iveness. 

The  results  of  the  cost-effectiveness  evaluations  of  the  candidate 
landing  mat  systems  are  displayed  in  Exhibit  IV-2,  following  this  page, 
which  includes  LCC  data  for  all  18  mat  systems  in  all  5  sets  run  in  the 
model  exercise. 

Analysis  of  the  results  portrayed  in  Exhibit  IV-2  leads  to  the 
following  conclusions: 
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Comparing  the  life-cycle  costs  of  Systems  Nos.  1  through 
9  (all  with  membrane  underlay)  with  costs  of  Systems 
Nos.  10  through  18  (all  with  integral  waterproofing),  it 
is  evident  that  in  every  case  the  integrally  waterproofed 
system  has  a  lower  LCC  than  does  its  counterpart  system 
with  membrane  underlay.  That  is,  the  cost  effectiveness 
of  integrally  waterproofed  systems  is  superior  to  that  of 
systems  with  membrane  underlay.  The  reason  for  this 
superiority  is  that  integrally  waterproofed  mat  systems 
have  a  cost  advantage  over  those  using  membrane  underlay. 
Performance  of  landing  mat  systems,  as  calculated  in  this 
study,  is  identical  for  any  system  using  membrane  under¬ 
lay  and  its  counterpart  integrally  waterproofed  system. 

With  the  exception  of  Mat  Set  No.  2  (the  AM-2  mat  used 
on  all  fields),  the  LCC  of  all  mat  sets  is  either  comparable 
to,  or  less  than,  the  LCC  of  counterpart  sets  of  hypothetical 
QMR  mats.  This  indicates  that  development  and  ultimate 
type  classification  of  3  new  mats  to  meet  the  requirements 
for  all  3  QMR  duty  classes  will  result  in  no  significant 
improvement  in  overall  cost  effectiveness. 


Along  with  the  LCC  results  for  each  landing  mat  system. 

Exhibit  IV- 2  includes  data  indicating  the  least  life  expectance  for  any 
mat  in  each  system,  and  denotes  those  systems  which  do  not  meet  the 
6-month  life  criterion  given  by  the  QMR.  Applying  this  criterion  to 
eliminate  all  systems  containing  a  mat  (or  mats)  not  expected  to  live 
6  months  in  the  operational  environment,  a  final  listing  of  4  candidate 
systems  is  obtained. 


Exhibit  IV-3,  following  this  page,  lists  Systems  Nos.  10,  13,  15, 
and  17  as  the  candidates  for  final  consideration.  When  the  ranking  of 
these  candidates  is  considered  together  with  other  facts  known  about 
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EXHIBIT  IV*- 2 

Candidate  Landing  Mat  System 
Life  Cycle  Cost 

For  6  Month  Mission  Requirement 
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EXHIBIT  IV  -  3 
Life  Cycle  Cost  Of 
Acceptable  Systems 
On  CBR-4 
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these  systems,  the  following  conclusions  can  b*>  drawn: 


As  indicated  by  the  cost-effectiveness  analysis, 

System  No,  15  of  Set  No.  4  is  identified  as  the  most 
cost-effective  system.  "This  system  includes  the  follow¬ 
ing  two  specific  mats: 

Dow  Truss  Web  as  heavy  duty  mat,  for  tactical 
airfields 

XM-19  as  medium  duty  mat,  for  heav>  lift, 
medium  lift,  and  light  lift  airfields. 

The  analysis  identifies  System  No.  17  of  Set  No.  4  as  the 
second  most  cost-effective  system.  This  system  includes 
the  following  three  specific  mats: 

Dow  Truss  Web  as  heavy  duty  mat  for  tactical 
airfields 

XM-19  as  medium  duty  mat  for  heavy  lift  and 
medium  lift  airfields 

Hypothetical  (QMR)  light  duty  mat  for  light 
lift  airfields. 


It  is  recognized  that  the  difference  between  the  LCC  estimates 
(approximately  $800,000)  for  these  two  candidate  systems  is  so  small 
as  to  be  insignificant  when  estimating  inaccuracies  are  considered. 

This  could  lead  to  the  conclusion  that  the  two  systems  are  essentially 
equal.  When  certain  undetermined  cost  factors  are  considered,  however, 
the  difference  could  easily  increase.  For  example,  no  attempt  was  made 
in  estimating  the  LCC  of  System  No.  17  to  quantify  the  cost  penalty  asso¬ 
ciated  with  carrying  three,  rather  than  two,  mat  duty  classes  in  the 
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inventory.  Nor  was  any  attempt  made  to  quantify  the  risk  cost  associ¬ 
ated  with  the  development  of  a  new  light  duty  mat  meeting  the  QMR 
specifications. 

For  these  reasons,  it  is  concluded  that  System  No.  15  of  Set 
No.  4  remains  the  least  risk,  most  cost-effective  of  the  candidate  sys¬ 
tems  evaluated. 


To  summarize  the  desirable  features  of  the  selected  system: 


It  provides  a  heavy  duty  mat  for  tactical  airfields.  Use 
of  the  heavy  duty  mat  will  assure  (with  a  good  margin  of 
safety)  that  the  operational  life  requirements  of  such 
airfields  can  be  met  with  minimum  downtime  and  under 
traffic  loads  imposed  by  any  mix  of  U.  S.  or  Allied  tacti¬ 
cal  aircraft  of  the  1970-75  time  frame. 

It  also  provides  for  use  of  medium  duty  mats  on  all 
logistical  support  airfields  in  the  theater  of  operations. 
This  will  enhance  operational  flexibility  in  that  the 
capability  of  forward  logistical  support  airfields  can 
be  readily  upgraded  by  lengthening  of  runways  and  by 
precluding  any  necessity  for  replacement  of  all  mats 
to  accomplish  upgrading. 

The  selected  system  will  also  permit  logistics  and 
operational  planners  to  develop  landing  mat  requirements 
for  tactical  airfields  separately  from  those  for  support 
airfields;  thus  simplifying  procurement,  storage,  ship¬ 
ment,  and  deployment  actions  by  the  logistician,  engineer, 
and  commander. 
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Having  identified  System  No.  15  of  Set  No.  4  as  the  system  of 
choice  by  reason  of  low  risk  and  high  cost-effectiveness,  it  is  appro¬ 
priate  to  examine  the  sensitivity  of  that  choice  to  variations  in  re¬ 
quired  airfield  life  and  subgrade  strength. 

3.  SENSITIVITY  ANALYSIS 


It  should  be  noted  that  the  conclusions  reached  in  the  preceding 
paragraphs  were  based  upon  the  QMR  requirements  for  a  subsurface 
CBR  factor  of  4  and  for  an  airfield  life  criterion  of  6  months.  In  order 
to  determine  landing  mat  system  requirements  under  different  criteria, 
sensitivity  analyses  were  conducted  by  varying  CBR's  and  airfield 
mission  life  requirements. 


CBR  Sensitivity  Analysis 


The  CBR  sensitivity  analysis  investigates  the  following 
at  various  CBR's: 


Expected  mat  system  life 

Life-cycle  costs  for  6-month  mission  requirements. 


Exhibit  IV- 4,  following  this  page,  displays  the  expected 
mat  lives  resulting  from  the  CBR  sensitivity  analysis.  The 
analysis  considered  only  hypothetical  QMR  mats  at  CBR  values 
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Sffi5»tiv*U>  .Ar.il)>i* 
Mat  Life  VS  CBR 
(Hypothetical  Mats) 


u/i 


of  2,  4,  6,  and  8.  Although  not  shown*  in  the  exhibit,  the  same  results 
would  apply  to  existing  mats. 

These  results  indicate  that  landing  mat  life  increases  significantly 
as  subgrade  strength  increases  above  CBR  4.  A  similarly  dramatic 
decrease  in  mat  life  is  evident  when  the  CBR  drops  to  2.  Consequently, 
mat  system  requirements  are  altered  considerably  as  the  CBR  level 
changes.  For  example,  at  CBR  2  none  of  the  candidate  systems  meet 
the  full  QMR  requirement  of  six  months  for  all  airfield  types  since  the 
heavy  duty  mat  will  fail  on  a  tactical  field  in  2.  5  months.  At  CBR  4, 
only  the  heavy  duty  mat  meets  the  six- month  requirement  on  all  fields. 

At  CBR  6,  however,  the  medium  duty  mat  will  fulfill  the  QMR  field 
life  requirement  for  all  fields. 

Exhibit  IV-5,  following  this  page,  displays  the  life-cycle  cost  of 
each  of  the  18  systems  at  varying  CBR's  and  assumes  a  mission  life 
requirement  of  6  months.  (An  LCC  and  mat  life  comparison  between  the 
hypothetical,  XM18,  XM19,  and  AM2  medium  duty  mats  at  various  CBRs 
ir  shown  in  Exhibit  G-15  and  G-16,  Annex  G.) 

Those  systems  showing  rapidly  increasing  costs  as  the  CBR  is 
reduced  contain  light  duty  mats  in  each  case,  while  the  systems  showing 
relatively  constant  costs  regardless  of  the  CBR  contain  predominantly 
heavy  and  medium  duty  mats.  For  example: 
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KXIIIBIT  1V-5 
Sensitivity  of  C'HR  VS 
Life  Cycle  Cost  At 
6  Month  Mission  Lift 
(Hypothetical  Mats) 


IV  -  16 


V 


.  At  CBR  2,  System  13,  which  is  composed  of  heavy 

duty  mats  on  tactical  and  heavy  lift  fields  and  medium 
duty  mats  on  medium  and  light  duty  fields,  is  the 
better  system. 

.  At  CBR  4,  System  15,  composed  of  a  heavy  duty  mat 
on  tactical  fields  and  medium  duty  mats  on  all  other 
fields,  is  superior. 

.  At  CBR  6,  System  11,  composed  of  medium  duty 

mats  for  all  fields,  appears  to  be  the  best  system. 

It  is  evident  from  the  sensitivity  data  that,  should  the  CBR 
criterion  be  changed  to  a  bearing  ratio  of  2,  the  Army  would  be 
faced  with  a  major  development  effort.  The  requirements 
established  in  the  QMH  will  not  provide  expedient  airfield  sur¬ 
facing  materials  capable  of  adequately  servicing  existing  aircraft 
under  such  subsurface  conditions. 

Should  the  criterion  remain  at  CBR  4,  or  be  increased  to 
CBR  6  or  higher,  it  is  apparent  that  the  hypothetical  (QMR)  and 
existing  landing  mats  will  be  more  than  adequate  to  meet  the 
expected  traffic  load  during  the  anticipated  life  spans  of  theater 
of  operations  airfields. 

(2)  Airfield  Mission  Life  Sensitivity 

The  impact  of  varying  airfield  mission  life  from  3  through 
24  months  upon  life-cycle  cost  is  displayed  at  Exhibit  IV-6, 
following  this  page.  The  exhibit  is  based  upon  a  constant  CBR  4 
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since  the  same  relationship  between  cost  and  mission  life  applies 
to  all  other  CBR's.  It  also  considers  only  the  QMR  hypothetical 
mat  systems  because  the  results  would  also  apply  to  the  existing 
mat  systems. 


Those  systems  showing  rapidly  rising  costs  as  the  missic  i 
life  is  increased  include  light  duty  mats  in  each  case.  Mat  sys¬ 
tems  having  predominantly  heavy  and  medium  duty  mats  show 
relatively  stable  costs  throughout  the  mission  life  spectrum. 


For  a  mission  life  from  3  to  10  months.  System  15, 
consisting  of  heavy  duty  mats  on  tactical  fields  and 
medium  duty  mats  on  all  others,  has  a  slight  cost 
advantage  over  System  17,  which  is  composed  of 
heavy,  medium,  and  light  duty  mats. 

From  10  to  24  months.  System  13,  consisting  of 
heavy  duty  mats  on  tactical  and  heavy  lift  fields  and 
medium  duty  mats  on  medium  and  light  lift  fields, 
has  a  slight  cost  advantage  over  System  10,  which 
consists  of  all  heavy  duty  mats. 


(3)  Conclusions 

In  addition  to  indicating  landing  mat  system  requirements 
under  changing  criteria,  the  sensitivity  analyses  performed  dur¬ 
ing  the  studv  appear  to  further  validate  the  selection  of  System  15 
as  the  most  cost-effective  system. 
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Although  other  systems  appear  to  have  slight  advantages  at 
either  ends  of  the  CBR  and  mission  life  spectrums,  system  15  is  in  a 
consistently  favorable  position  throughout  the  sensitivity  analyses. 

4.  ANALYSIS  OF  THE  QUALITATIVE  MATERIEL 
REQUIREMENT  (QMR) 

Since  the  QMR  for  prefabricated  airfield  surfacings  constitutes 
the  basic  framework  under  which  the  study  was  conducted,  it  is  appro¬ 
priate  that  requirements  established  by  that  document  be  reviewed  for 
validity  and  current  applicability.  This  section  presents  a  discussion 
of  the  principal  requirements  stated  by  the  CMR  in  relationship  to  the 
status  of  landing  mat  system  development. 

(1)  Service  Life 

The  QMR  states  that:  "The  surfacing  will  have  a  service 
life  of  not  less  than  six  months  or  equivalent  sorties  with  not 
more  than  a  10  percent  replacement  of  materiel  due  to  failures.  " 

The  general  conclusion  has  been  reached  that  existing 
operational  and  developmental  landing  mats  satisfy  the  overall 
requirements  of  the  QMR,  and  will  support  current  air  mobility 
concepts.  This  conclusion  is  supported  by  the  selection,  through 
cost-effectiveness  analysis,  of  a  landing  mat  system  composed 
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of  existing  mats  as  the  first  choice  for  use  in  the  1970-1975  time 
frame.  The  selection  was  made  on  the  basis  of  the  least  cost 
system  that  would  live  more  than  six  months  on  the  theater  air¬ 
fields. 

Moreover,  the  mat  life  data  presented  previously  by 
Exhibit  IV-1  indicates  that  additional  mat  systems  could  be 
assembled  using  existing  mats,  and  which  would  fulfill  the  6- 
month  life  requirement  given  by  the  QMR,  but  at  higher  costs. 

With  respect  to  the  limitation  of  10  percent  materiel 
replacement  due  to  failure,  insufficient  field  test  data  is  avail¬ 
able  to  determine  whether  the  existing  mats  will  satisfy  this 
requirement.  However,  the  cost  model  accommodated  the  lack 
of  data,  in  part,  by  assuming  a  10  percent  materiel  replace¬ 
ment  cost  for  all  mats  considered. 

(2)  Performance 

The  desired  landing  mat  performance  is  stated  by  the 
QMR  in  terms  of  the  coverage  level  (1,  000  coverages  or  sub¬ 
grade  with  CBR-4)  at  the  specified  aircraft  wheel  loads  for  each 
mat  duty  class,  and  the  expected  aircraft  sortie  rate  (500  for 
each  two-week  period,  or  1,000  per  month). 
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When  the  theater  airfield  traffic  loads  were  estimated 


(Annex  C)  and  applied  to  specific  mats,  the  result  for  existing 
mats  was  generally  long  life,  particularly  in  the  heavy  and 
medium  duty  classes.  In  each  case,  the  performance  model 
applied  the  monthly  sortie  rate  (distributed  among  the  aircraft 
types  considered)  until  the  coverage  limit  for  each  mat  was 
reached,  and  the  mat  was  considered  to  have  failed. 

The  coverage  limits  for  each  mat  are  given  by  Exhibit  D-2 
(Annex  D)  for  the  aircraft  wheel  load  which  identifies  each  mat 
duty  class,  and  demonstrates  that  in  the  heavy  duty  and  medium 
duty  classes,  existing  mats  have  been  developed  which  exceed 
the  1,  000  coverage  level  specified  by  the  QMR.  Equally  impor¬ 
tant,  however,  the  mat  life  results  shown  by  Fxhibit  IV- 1  demon 
strate  that  life  in  excess  of  the  6-month  QMR  requirement 
can  -be- obtainedron  heater  airfields  -from  -existing^  mats  which  • 
have  not  met  the  1,  000  coverage  level  for  their  respective  duty 
classes.  For  example,  the  XM20  mat  has  achieved  only  620 
coverages  under  heavy  duty  test,  yet  has  been  calculated  to 
yield  a  life  of  some  25  months  under  the  estimated  traffic  on  a 
tactical  airfield,  and  more  than  56  months  on  a  heavy  lift  air¬ 
field.  Similarly,  the  AM2  mat  has  achieved  only  950  coverages 
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under  medium  duty  test,  yet  yields  a  life  of  some  18  months  on 
a  heavy  lift  airfield,  and  more  than  63  months  on  a  medium  lift 
airfield. 

Recognizing  that  the  1,  000  coverage  level  for  a  mat  duty 
class  is  an  engineering  test  function,  and  which  cannot  be  ade¬ 
quately  measured  in  the  operational  environment,  it  is  concluded 
that  more  emphasis  should  be  given  to  methods  of  estimating 
airfield  traffic  loads  (sortie  rates).  Thus,  mats  which  might 
actually  prove  valuable  in  field  operations  would  not  be  elimina¬ 
ted  from  consideration  on  the  basis  of  engineering  test  results 
alone,  i.  e. ,  the  1,000  coverage  level  requirement  for  engineering 
test  should  not  be  made  the  sole  factor  in  determining  mat 
acceptability. 

(3)  Landing  Mat  Duty  Classes 

The  QMR  specifies  three  duty  classes,  i.  e. ,  heavy, 
medium  and  light  duty  mats,  with  the  classes  defined,  as  noted 
above,  by  specific  aircraft  wheel  loadings,  tire  pressures,  and 
tire  contact  areas.  While  these  aircraft  loading  characteristics 
may  remain  valid  for  engineering  test  purposes,  the  results  of 
the  study  performance  model  have  indicated,  in  terms  of  mat 
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life,  that  arbibrarily  assigned  duty  classes  tend  to  lose  their 
meaning  when  the  more  realistic  situation  of  mixes  of  aircraft 
(with  their  associated  wheel  loading  characteristics)  on  the 
mats  is  considered. 

The  mat  system  demonstrated  to  be  most  cost-effective 
includes  a  single  mat  type  for  all  logistics  support  airfields. 
Further,  that  same  mat  (XM19)  falls  only  marginally  short  of 
meeting  the  6-month  life  requirement  ft.  '  tactical  airfields,  at 
5.95  months  (Exhibit  IV-1).  Therefore,  it  can  be  concluded 
that  rather  than  limiting  mat  applications  by  duty  classes,  the 
more  desirable  and  practical  approach  would  be  to  employ  mats 
which  perform  best  under  the  greatest  variety  of  aircraft  types, 
and  do  so  at  acceptable  costs.  While  this  conclusion  might 
seem  to  favor  heavy  duty  mats,  since  they  are  the  only 
type  which  perform  satisfactorily  on  all  types  of  airfields,  it 
is  recognized  that  for  logistics  support  airfields,  these  mats 
would  represent  an  "overkill’'  in  terms  of  performance,  and 
would  also  impose  a  cost  penalty. 

In  further  consideration  of  mat  duty  classes,  it  is  noted 
that  no  light  duty  mat  has  yet  been  developed  which  will  meet  the 
1,  000  coverage  level  for  the  30,  000-pound  single  wheel  load  at 
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100  psi  tire  pressure  and  300  square-inch  tire  contact  area 
which  define  this  duty  class.  However,  the  need  for  such  a  mat 
is  considered  questionable,  since  from  both  cost-effectiveness 
and  practical  applications  viewpoints,  mats  classed  as  medium 
duty  not  only  satisfy  the  performance  requirements,  but  do  so 
at  a  favorable  cost  as  well. 

(4)  Mat  Weight 

The  QMR  specifies  the  following  unit  weights  for  mats: 


Mat  Classification 

Essential  Weight 
(lb.  per  sq.  ft. ) 

Heavy  Duty 

6.5 

Medium  Duty 

4.5 

Light  Duty 

3.0 

In  addition,  the  QMR  specifies  an  essential  limit  of  120 
pounds  per  mat  panel,  to  promote  ease  of  handling  by  two  men. 

While  the  two-man  handling  restriction  appears  valid, 
the  review  of  mat  design  data  documents  (Annex  I)  and  discus¬ 
sions  with  the  WES  engineering  staff  indicate  that  too  much 
emphasis  has  been  given  to  unit  weight  (pounds  per  square  foot). 
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For  example,  the  3  pounds  per  square  foot  essential  unit  weight 
for  a  light  duty  mat  has  proven  to  be  a  most  elusive  goal,  yet  a 
great  variety  of  materials  and  mat  configurations  have  been 
employed  toward  achievement  of  this  goal.  At  the  same  time, 
mats  have  been  successfully  developed  (XM18  and  XM19)  whose 
unit  weight?  .  e  approximately  50  percent  above  the  3-pound 
goal,  but  whose  panel  weights  are  substantially  under  the  120- 
pound  limit. 

It  is  concluded  that  the  key  factor  should  be  panel  weight 
rather  than  unit  weight,  to  insure  ready  mat  handling  by  a  mini¬ 
mum  number  of  personnel  and  precluding  the  ni  3d  for  special 
panel  handling  equipment.  The  QMR  implies  that  weight  per 
square  foot  controls  the  placrn.ont  rate  (discussed  below)  capa¬ 
bility;  however,  assuming  a  mat  reasonably  configured  and 
.  capable,  of  being  handled  by  two  men,  this  would  not  hold  true. 

It  is  further  concluded,  therefore,  that  the  mat  unit  weight 
should  be  eliminated  from  the  QMR  as  fixed  constraints,  and  be 
retained  only  as  recommended  engineering  design  goals. 
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Finally,  it  is  noted  that  in  view  of  the  unsuccessful  efforts 
to  date  to  develop  a  satisfactory  mat  weighing  no  more  than  3 
pounds  per  square  foot,  the  continued  risk  cost  of  such  a  devel¬ 
opment  might  be  unnecessarily  high. 

(5)  Placement  Rate 


The  placement  rates  of  existing  heavy  and  medium  duty 
mats  exceeds  the  essential  QMR  rates  (see  Exhibit  D-2,  Annex 
D),  and  approach  the  desired  level  given  by  the  QMR.  It  is 
interesting  to  note  that  the  rates  for  the  existing  heavy  duty  mats 
at  least  equal  those  of  the  medium  duty  mats.  This  tends  to 
negate  the  QMR  implication  that  placement  rates  are  controlled 
by  mat  weight  per  square  foot.  Exhibit  IV-7  ,  following  this 
page,  graphically  demonstrates  the  lack  of  direct  relationship 
between  unit  weight  and  placement  rate,  since  these  two  factors 
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generate  a  sawtooth  curve  rather  than  a  smooth-  durve. 


Placement  rates  represent  a  cost  element,  in  terms  of 
labor  cost  to  surface  an  airfield,  and  it  is  noted  that  the  least 
cost  (i.e. ,  the  most  cost-effective)  mat  system  developtd  by 
this  study  is  one  in  which  all  mats  are  integrally  waterproofed. 
This  is  true  despite  the  fact  that  placement  rates  for  integrally 
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PLACEMENT  RAT 


EXHIBIT  I V - 7 
Mat  Unit  Weight  VS 
Placement  Hate 


2.  3  4.  56  7  8 


MAT  UNIT  WEIGHT 
(LB  /  FT2) 
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waterproofed  mats  were  assumed  to  be  one-half  the  rates  for 
the  same  mats  using  membrane  underlay.  (The  assumption 
was  based  on  limited  WES  experience  with  integrally  water¬ 
proofed  mats. ) 

The  QMR  contemplates  only  mats  which  would  be  placed 
over  membranes,  but  in  light  of  the  foregoing  discussion,  it  is 
concluded  that  the  QMR  should  be  revised  to  include  integrally 
waterproofed  mats  and  their  associated  placement  rates. 
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V.  LANDING  MAT  DEVELOPMENT  PLAN 


The  findings  and  conclusions  discussed  in  Chapter  IV  lead  to  the 
principal  product  of  the  study  effort;  a  Mat  Development  Plan  in  the 
form  of  recommendations  to  be  considered  for  implementation  by  the 
U.  S.  Army  Corps  of  Engineers,  Waterways  Experiment  Station  (WES), 
which  are  discussed  below. 


1.  MODIFICATION  OF  THE  QMR 


As  indicated  in  the  report,  currently  available  mat  systems  have 
met  the  specificatio\s  established  by  the  current  QMR,  Briefly  stated, 
WES  and  industry  are  now  capable  of  producing  expedient  airfield  sur¬ 
faces  for  the  1970-1975  time  frame.  The  development  goal  must  con¬ 


tinue  to  be  the  refinement  of  existing  landing  mat  capability  .in.ordey.Jo.  ... 
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provide  increased  performance  at  reduced  cost  and  weight.  Since  the 
prime  objective  must  always  be  the  enhancement  of  U.  S.  air  mobility 
capability,  aircraft  safety,  and  combat  effectiveness,  it  is  recommended 
that  the  QMR  be  updated  to  meet  the  objectives  of  the  1975-1980  time 
frame. 
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2. 


LANDING  MAT  DEVEI  OPMENT 


Considering  existing  and  near  range  technology  and  current 
testing  activities,  it  is  recommended  that  a  two-landing-mat  family 
be  established  in  the  U.S.  Army  inventory,  and  that  the  current  desig¬ 
nation  of  landing  mats  by  three  duty  classifications  be  discontinued. 
Airfield  expedient  surfacing  requirements  could  be  met  by  one  mat 
type  for  tactical  airfields  and  another  type  for  all  logistical  support 
airfields.  To  meet  the  above  requirements,  it  is  further  recommend¬ 
ed  that  action  be  taken  to  type  classify  the  following  mat  systems: 


A  tactical  airfield  system  having  the  Truss  Web  design, 
scch  as  th3  existing  Dow  Truss  Web  currently  undergoing 
testing  at  WES.  This  system  should  be  modified  to 
incorporate  an  integral  waterproofing  capability  compara¬ 
ble  to  that  available  with  the  Kaiser  XM-19  waterproofed 
mat. 

A  logistical  support  airfield  system  having  a  sandwich 
or  honeycombed  design  such  as  the  current  waterproofed 
version  of  the  Kaiser  XM-19  system,  or  one  comparable 
to  it. 


3.  MEMBRANE  DEVELOPMENT 

During  the  conduct  of  the  study,  membranes  were  not  addressed 
as  a  major  component  for  analysis  and  evaluation  but  only  as  a  cost 
alternative  for  waterproofing  and  dustproofing.  Consequently,  there 
is  no  discussion  of  future  membrane  development  actions.  The  study 
considered  the  square  foot  procurement  cost  of  membranes  and 


V-2 


waterproof  seals  to  be  equal.  The  favorable  cost  advantage  of  water¬ 
proofed  mats  resulted  from  the  shipping  and  placement  cost  accrued  to 
the  membrane  requirements  and  in  spite  of  the  reduced  placement  rate 
for  the  waterproofed  mats  when  compared  with  nonwaterproofed  mats. 
Should  the  study's  recommendation  be  acceptable  -  that  inherently 
waterproofed  mat  systems  be  utilized  as  the  primary  means  for  water¬ 
proofing  and  dustproofing  of  the  mat  surfaced  area  of  an  airfield  -  it  is 
recommended  that  the  requirements  for  membrane  procurement  and 
stockage  be  reviewed.  This  is  not  meant  to  imply  that  membranes  are 
no  longer  required  in  the  system  since  there  may  be  other  uses  such  as 
emergency  surfacing  on  high  CBR,  short-lived  fields. 

4.  IMPROVED  SUBSURFACE  CONDITIONS 

As  evidenced  by  the  resists  of  the  sensitivity  analysis  in  Chapter  IV, 
the  initial  and  continuing  stability  of  an  airfield's  subsurface  has  the  most 
significant  single  effect  upon  the  increased  performance  of  expedient  sur¬ 
facing  materials.  The  degradation  of  the  subsurface  is  the  major  cause 
of  mat  failure.  Priorities  should  be  given  to  improving  the  means  of 
rapid  subsoil  preparation  and  possible  ways  of  ensuring  a  constant  bear¬ 
ing  surface  under  anticipated  weather  conditions. 
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5. 


IMPROVED  WATERPROOFING  CAPABILITY 


The  study  displayed  the  cost  advantages  of  inherently  water¬ 
proofed  landing  mats  over  the  use  of  membranes  as  a  waterproofing 
device.  In  addition  to  the  cost  advantage  shown,  the  reduction  of 
another  item  from  the  logistics  inventory  will  result  in  substantial 
savings.  Conversations  with  interested  personnel  during  the  study 
revealed  that  inherent  waterproofing  also  appears  to  increase  mat 
life  and  enhance  subsurface  stability.  Since  there  has  been  compara¬ 
tively  little  testing  done  to  date  with  inherently  waterproofed  mats  upon 
which  to  base  conclusions,  it  is  recommended  that  WES  increase  its 
R&D  effort  to  improve  waterproofing  techniques.  One  of  the  major 
goals  should  be  the  reduction  of  placement  time  for  waterproofed  sys¬ 
tems. 


6.  REDUCED  WEIGHT/ INCREASED  BEARING  RATIO  ’  -  -• 

Improved  weight/bearing  ratio  may,  of  course,  be  achieved  by 
improving  the  light  metal  alloys  such  as  aluminum  and  magnesium. 
However,  an  excessive  cost  penalty  must  be  avoided  since  expedient 
surfacing  is  already  relatively  expensive  when  compared  to  permanent 
type  surfaces. 
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Industry  has  indicated  that  means  do  exist  to  accomplish  com¬ 
parable  or  increased  durability  at  decreased  weight  by  reconfiguring 
the  current  mats.  For  example,  it  appears  that  a  4'  x  4'  sandwich  mat 
weighing  approximately  4  pounds  per  square  foot  may  be  reconfigured 
to  dimensions  of  5'  x  5'  or  6'  x  6'  and  still  meet  current  medium  duty 
load  requirements  with  a  decrease  in  weight  per  square  foot.  This  is 
made  possible  by  a  relatively  small  increase  in  the  length  of  the  ex¬ 
truded  edging  material  which  imposes  the  major  weight  penalty  on 
such  a  mat  when  compared  with  the  increase  in  square  footage  of 
coverage  of  the  mat  panel.  A  mat  panel  covering  25  to  36  square  feet 
would  also  provide  an  increased  placement  rate  capability. 

j{<  >Jc  #  i\c  >Jc 

The  above  discussion  represents  the  major  recommendations 
-  resulting  from  the  study.-.  Lees  salient- points  are  incprporated  through  ¬ 
out  the  report. 
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ANNEX  A 


QUALITATIVE  MATERIEL  REQUIREMENT  (QMR) 

FOR  PREFABRICATED  AIRFIELD  SURFACINGS 

Section  I  -  Statement  of  Requirement 

1.  Statement  of  Requirement 

Prefabricated  or  expedient  airfield  surfacings  are  required 
to  provide  the  Army  with  improved  capability  to  produce  the  re¬ 
quired  aircraft  landing  facilities,  in  theaters  of  operations,  which 
are  essential  for  support  of  air  mobility  concepts.  Economy  in 
logistics  and  costs  and  flexibility  in  design  of  landing  facilities 
can  best  be  provided  by  development  of  mats  and  membranes.  The 
landing  mats  will  provide  a  bearing  surface  capable  of  supporting 
specified  aircraft  loadings  on  low  strength  soils.  Use  of  the  matting 
will  greatly  reduce  the  time  and  engineer  effort  required  to  construct 
airfields  by  substantially  reducing  the  need  for  subgrade  preparation 
and  by  providing  a  surface  which  can  be  rapidly  emplaced.  The 
membranes  will  provide  a  rapid  means  of  waterproofing  and  dust¬ 
proofing  runways  and  taxiways  in  areas  where  soil  strength  is 
adequate  and  of  waterproofing  subgrades  beneath  landing  mats. 

Use  of  the  membranes  will  enable  in- situ  soil  strength  to  be  main¬ 
tained,  reducing  airfield  construction  and  maintenance  effort 
required,  and  provide  dust  control,  reducing  safety  hazards  to 
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aircraft  operation  and  airfield  detection.  It  is  desirable  that  these 
membrane  requirements  be  met  by  a  single  membrane.  All  surfacings 
will  be  lightweight,  consistent  with  meeting  operational  requirements, 
reusable  without  rehabilitation  if  undamaged,  and  packaged  for  ease 
of  handling.  The  landing  mats  and  membranes  will  be  of  such 
superiority  to  warrant  replacement  of  current  standard  items.  Army 
engineer  units  or  groups  of  indigenous  personnel  under  Army  engineer 
supervision  will  use  the  surfacings  to  improve  existing  airfields  or  to 
construct  new  airfields  in  all  areas  of  the  world  where  operations 
require  airfield  support.  (TF:  70)  (CDOG  para  639b  (2))  (Approved 
14  Apr  66) 


Section  II-  Operational,  Organizational 
and  Logistical  Concepts 

2.  Operational  Concepts 

a.  Requirements. 

The  proposed  airfield  surfacings  will  provide  rapid  means  for 
preparing  and/or  improving  airfields  and  landing  areas  capable  of 
accommodating  all  types  of  aircraft  in  support  of  military  operations 
including  strategic  and  tactical  lift  (inter- theater  and  intra- theater), 
and  tactical  air  support.  The  surfaces  must  provide  all-weather 
operational  capability  and  be  capable  of  installation  during  all 
times  except  when  the  proper  subgrade  conditions  cannot  be 
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obtained  or  maintained.  The  landing  mat  must  be  capable  of 
providing  operational  surfacing  for  two  weeks  or  500  sorties 
(sortie  -  one  takeoff  and  one  landing)  without  failure.  A  typical 
daily  24-hour  mission  for  an  airfield  is  36  sorties.  The  membrane 
must  be  capable  of  providing  operational  surfacing  for  two  weeks 
or  100  sorties  without  failure.  A  typical  daily  24-hour  mission 
for  a  membrane  surfaced  airfield  is  seven  sorties.  The  method 
of  construction  a.  >•  >  .rials  used  will  provide  for  the  suppression 

of  dust  to  the  extent  that  visual  detection  and  adverse  effects  on 
aircraft  maintenance  will  be  reduced. 

b.  Operational  Information. 

(1)  Planned  deployment. 

The  proposed  materiel  is  essential  to  the  successful 
conduct  of  air  operation  within  any  theater  of  operations.  The 
airfield  surfacings  may  be  utilized  to  support  air  operations  in 
any  land  area  of  the  world;  however,  primary  use  is  expected 
to  be  in  the  underdeveloped  areas  where  airfields  are  either 
nonexistent  or  inadequate.  The  surfacing  will  also  be  used  to 
repair  damage  of  existing  airfields  with  like  surfacings. 

Adoption  of  this  materiel  will  provide  significant  reduction  in 
legistical  tonnages  and  manhours  of  installation  and  maintenance 
effort  required.  The  proposed  surfacings  will  be  installed 
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primarily  by  Army  engineer  combat  and  construction  battalions 
or  trained  indigenous  personnel,  under  supervision  of  Army 
engineers, 

(2)  Turnaround  time. 

Predicted  turnaround  time  is  unknown.  Turnaround  time 
is  the  time  needed  to  remove,  inspect  for  reuse,  reprovision, 
and  install  at  another  site. 

(3)  Reaction  time. 

Reaction  time  is  the  time  needed  to  inspect  the  airfield 
surface  to  determine  if  an  aircraft  can  take  off  or  land  without 
damage.  The  reaction  time  will  not  exceed  ten  minutes  per 
landing  or  takeoff.  Normally,  the  suitability  of  the  airfield  to 
perform  a  typical  24-hour  mission  will  be  determined  during 
a  daily  (1  hour  essential)  (30  minutes  desired)  visual  inspection 
of  the  runway  surface.  The  daily  visual  inspection  will  be 
performed  from  a  moving  ground  vehicle  driving  up  one  side 
and  down  the  other  side  of  the  runway  with  intermediate  steps 
as  necessary. 

(4)  Service  life. 

The  surfacing  will  have  a  service  life  of  not  less  than  six 
months  or  equivalent  sorties  with  not  more  than  a  10  percent 
replacement  of  materiel  due  to  failures. 
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(5)  Availability. 


It  is  desired  that  operational  availability  be  at  least  93 
percent,  with  15  percent  replacement  parts  (AR  700-19). 

(6)  Reliability. 

The  materiel  shall  demonstrate  a  Mean  Time  Between 
Failures  (MTBF)  of  not  less  than  two  weeks  or  equivalent 
f.  ’i  i.ics.  A  failure  is  defined  for  the  purposes  of  computing 
MTBF  as  a  repair  necessary  to  restore  performance  to  within 
limits  indicated  herein  and  requiring  greater  than  24  manhours 
of  total  effort  by  personnel  from  an  Engineer  Platoon  of  the 
Airmobile  Divisional  Engineer  Battalion. 

(7)  Durability. 

Surfacing  materiel  shall  without  failure  complete  the 
following  initial  operations  requirement  of  500  sorties  for  mat 
and  100  sorties  for  membrane. 

3.  Organizational  and  Logistical  Concepts 

a.  The  size  and  numbers  of  the  installing  crews  will  be  consistent 
with  construction  requirements  and  the  time  factors  dictated  by 
operational  requirements. 

b.  The  proposed  surfacings  will  be  Class  IV  supply  items. 
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c.  Specific  quantities  required  will  be  determined  after  completion 
of  the  current  US  Army  Comba  Developments  Command  Study, 
Airfield  Construction  Requirements,  Theater  of  Operations  1967- 
1970. 

Section  III  -  Justification,  Feasibility  and  Priority 

4.  Reason  for  the  Requirement 

The  requirements  for  air  support  to  ground  combat  operations  have 
increased  significantly  and  are  continuing  to  grow.  Present  planning 
in  both  genera]  and  limited  war  situations,  and  for  sustained  ground  , 
airborne  and  airmobile  operations,  call  for  an  unprecedented  volume 
of  Air  Force  and  Army  aircraft  for  such  air  missions  as  inter- theater 
strategic  lift,  close  tactical  support,  air  assault  operations,  intra- 
theater  airlift  in  an  air  line  of  communications  (ALOC),  and  intra¬ 
division  airlift  to  front  line  units.  Additionally,  the  concept  of  total 
air  mobility  as  developed  by  the  Army  Tactical  Mobility  Requ!rements 
Board  will  create  many  new  aircraft  missions  within  the  front  line 
division  area.  Current  Army  construction  capabilities  in  support  of 
these  concepts  are  not  compatible  with  requirements  in  terms  of  time 
and  geographical  areas  of  employment.  Concepts  dictate  that  airfields 
be  readied  in  the  early  stages  of  troop  deployment  in  airmobile  operations 
and  that  airfields  be  located  in  proximity  to  the  supported  forces  thereby 
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ensuring  that  the  mobility  of  the  Army  force  is  consistent  with  strategic 
and  tactical  objectives.  Current  airfield  surfacing  methods  require 
either  the  selection  of  a  site  where  the  California  Bearing  Ratio  (CBR) 
of  the  soil  will  sustain  aircraft  loadings  or  the  extensive  preparation 
of  the  subgrade  to  achieve  necessary  soil  strengths.  In  many  areas 
of  the  world  where  deployment  of  US  airmobile  forces  is  forseen, 
required  airfields  do  not  exist,  are  too  few  in  number,  or  cannot 
sustain  the  loadings  of  supporting  aircraft.  Also,  construction  materials 
for  preparation  of  airfield  subgrades  and  surface  are  not  available  or 
necessitate  disproportionate  demands  for  time  and  effort  to  locate, 
process,  transport,  emplace  and  compact  granular  materials  for 
airfield  base  construction.  Current  military  systems  (PSP,  M6,  M8, 
and  M9  mats)  due  to  weight  and  load  bearing  characteristics  and  con¬ 
ventional  methods  of  constructing  airfields  do  not  permit  the  develop¬ 
ment  of  air  landing  facilities  for  airborne  and  airmobile  forces 
throughout  the  world  on  a  selective  basis  within  envisioned  time 
parameters.  Without  the  construction  capability  to  support  airborne 
and  airmobile  forces  their  employment  is  seriously  jeopardized  if  not 
totally  prevented.  This  proposed  system  will  facilitate  the  construction 
envisaged. 

a.  The  time  phasing  of  this  requirement  is  immediate  in  relation¬ 
ship  to  present  material  and  capabilities.  The  requirement 
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satisfies  immediate  and  long-range  objectives. 


b.  The  requirement  for  this  type  materiel  is  supported  in  CDOG 
paragraph  639b(2). 

c.  References  which  support  this  requirement  are: 

(1)  US  Army  Tactical  Mobility  Requirements  Board  Final 
Report,  August  1962. 

(2)  Final  Report  of  Joint  Exercise  SWIFT  STRIKE  III,  20 
November  1963, 

(3)  Army  Air  Mobile  Evaluation,  Headquarters,  US  Army 
Combat  Developments  Command,  15  February  1965. 

5.  Teachnical  Feasibility 

It  is  technically  feasible,  as  stated  Appendix  I,  to  develop  the 
airfield  surfacings  which  will  satisfy  the  requirements  of  this  QMR, 

6.  Priority 

This  QMR  is  assigned  Priority  I,  functional  group  4  Tactical 
Movement,  Appendix  C,  CDOG. 

Section  IV  -  Characteristics 

7.  Performance  Characteristics 
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a.  It  is  essential  that  the  landing  mats  for  the  various  classifications: 


(1)  Be  capable  of  being  directly  installed  upon  graded  subgrades. 

(2)  Be  capable  of  withstanding  the  aircraft  loading  conditions 
shown  on  Incls  1  and  2. 

(3)  Be  capable  of  withstanding  coverages  and  loads  shown  on 
Incls  1  and  2,  with  maximum  of  10  percent  replacement. 

(4)  Be  capable  of: 

(a)  Heavy  duty  mats  will  withstand  aircraft  operations  to 
include  maximum  takeoffs  using  afterburner.  These  mats 
shall  withstand  blast  effects  of  700°F  for  10  seconds. 

(b)  Medium  duty  mats  will  withstand  aircraft  operations 
to  include  maximum  takeoffs  using  afterburner.  These 

O 

mats  shall  withstand  blast  effects  of  300  F  for  5  seconds. 

(c)  Light  duty  mats  shall  withstand  C-130  aircraft  assault 
landings  utilizing  maximum  wheel  braking  and  reverse 
thrust  procedures. 

(d)  Surfacing  at  locations  of  arresting  cables  and  arresting 
hook  impacts  are  subject  to  unusual  loadings  and  impact 
effects  and  are  considered  critical  areas.  Special  sur¬ 
facing  will  be  provided  when  heavy  and  medium  duty  mats 
do  not  meet  the  requirements  listed  below  for  critical 
areas  of  runways  surfaced  with  heavy  or  medium  duty  mats. 
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L  Surfacing  for  critical  areas  of  heavy  duty  mat 
surfaced  runways  will  withstand  five  F4  tailhook  impacts 
of  80  knots  at  equivalent  18  feet  per  second  (FPS)  sink 
speed  at  the  same  location  without  structural  failure 
due  to  rupture  of  the  top  surface  of  the  mat. 

2.  Surfacing  for  critical  areas  of  heavy  duty  mat  sur¬ 
faced  runways  will  withstand  20  roll-over  loadings  on 
a  one  inch  diameter  arresting  cable  with  a  50,  000-lb 
wheel  load,  having  a  nominal  tire  contact  area  of 
200  sq.  in.  and  a  tire- inflation  pressure  of  250  psi, 
without  structural  failure  due  to  rupture  of  the  top 
surface  of  the  mat. 

3.  Surfacing  for  critical  areas  of  medium  duty  mat 
surfaced  runvays  will  withstand  two  F4  tailhook  impacts 
of  80  knots  at  equivalent  18  FPS  sink  speed  at  the 
same  location  without  structural  failure  due  to  rupture 
of  the  top  surface  of  the  mat. 

4.  Surfacing  for  critical  areas  of  medium  duty  mat 
surfaced  runways  will  withstand  20  roll-over  loadings 
on  a  one  inch  diameter  arresting  cable  with  a  25,  000- 
lb  wheel  load,  having  a  nominal  tire- contact  area  of 
100  sq.  in.  and  tire- inflation  pressure  of  250  psi  with¬ 
out  structural  failure  due  to  rupture  of  the  top  surface 
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of  the  mat. 


(5)  Be  so  designed  so  as  to  not  cause  damage  to  waterproofing 
or  dustproofing  treatment  applied  to  the  subgrade,  or  desirably, 
inherently  provide  waterproofing  and  dustproofing  of  the  under¬ 
lying  soil  surface. 

(6)  Be  capable  of  withstanding  ambient  temperature  variations 
in  accordance  with  paragraph  7c  of  API  705-15,  change  1,  without 
deformation  of  such  magnitude  as  to  interfere  with  assembly  and 
operations. 

(7)  Possess  a  surface  which  provides  effective  braking  with  a 
Runway  Condition  Reading  (RCR)  of  13-25  for  aircraft  landings 
and  control  during  all  ground  operations,  under  conditions 
specified  in  AFR  60-13  and  in  paragraph  7a,  b,  and  c  of  AR  705- 
15,  change  1. 

(8)  Resist  adverse  effects,  when  installed  operationally,  resulting 
from  exposure  to  POL  spillage,  downwash  from  helicopters,  and 
wheel  vehicle  traffic. 

(9)  Be  capable  of  storage  and  air  transit  under  conditions 
stated  in  paragraph  7.1a,  b,  and  d  of  AR  705-15,  change  1:  for 
closed  storage,  ten  years;  for  open  storage,  five  years  without 
adverse  effects  upon  the  system  components. 

(10)  Possess  a  service  life  of  not  less  than  six  months  or  6000 
sortie  with  not  more  than  a  10  percent  replacement  of  material 
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due  to  failures. 


(11)  Possess  an  operational  availability  of  at  least  93  percent, 
with  15  percent  replacement  parts  (AR  700-19). 
tl2)  Possess  reliability  that  the  Mean  Time  Between  Failures 
(MTBF)  shall  be  not  less  than  two  weeks  or  500  sorties.  A 
failure  is  defined  for  the  purpose  of  computing  MTBF  as  a 
repair  necessary  to  restore  performance  to  within  limits 
indicated  herein  and  requiring  greater  than  24  manhours  of 
total  effort  by  personnel  from  an  Engineer  Platoon  of  the  Air¬ 
mobile  Divisional  Engineer  Battalion. 

(13)  Possess  a  durability  which  will  enable  the  mate  to  sustain 
500  sorties  of  initial  operations  without  failure. 

b.  It  is  essential  that  the  membranes: 

(1)  Be  capable  of  being  directly  installed  upon  graded 
subgrades. 

(2)  Possess  a  surface  which  provides  effective  braking 
with  a  Runway  Condition  Reading  (RCR)  of  13-25  for 
aircraft  landings  and  control  during  all  ground 
operations,  under  conditions  specified  in  AFR  60-13 
and  paragraph  7a,  b,  and  c  of  AR  705-13,  change  1. 

(3)  Be  capable  of  withstanding  wheel  loads  without 
destruction  of  waterproof  properties  when  laid  on 
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soils  capable  of  supporting  these  wheel  loads,  or  when 
placed  underneath  landing  mat,  see  Incl  3. 

(4)  Resist  adverse  effects,  when  installed  operationally, 
resulting  from  exposure  to  POL  spillage,  helicopter 
downwash,  and  wheel  vehicle  traffic. 

(5)  Be  capable  of  storage  and  air  transit  under  conditions 
stated  in  paragraph  7.1a,  b,  and  d  of  AR  705-15,  change 
1:  for  closed  storage,  five  years;  for  open  storage, 
three  years  without  adverse  effects  upon  the  system 
compenents. 

(6)  Be  capable  of  withstanding  ambient  temperature 
variations  in  accordance  with  paragraph  7c  of  AR  705- 
15,  change  1,  without  elongation  or  contraction  of  such 
magnitude  as  to  interfere  with  assembly  and  operations. 

(7)  Be  readily  repairable  in  the  field  under  conditions  as 
specified  in  paragraph  7a  and  b  of  AR  705-15,  change  1. 

(8)  Possess  a  service  life  of  not  less  than  six  months 

or  1200  sorties  with  not  more  than  10  percent  replacement 
of  material  due  to  failure. 

(9)  Possess  an  operational  availability  of  at  least  93 
percent  assuming  adequate  logistical  support. 

(10)  Possess  reliability  that  the  MTBF  shall  be  not  less 
than  two  weeks  or  100  sorties.  A  failure  is  defined  for 
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the  purposes  of  computing  MTBF  as  a  repair  necessary 
to  restore  performance  to  within  limits  indicated 
herein  and  requiring  greater  than  24  manhours  of  total 
effort  by  personnel  from  a  Engineer  Platoon  of  an 
Airmobile  Divisional  Engineer  Battalion. 

(11)  Possess  a  durability  which  will  enable  the  membrane 
to  sustain  initial  operations  of  100  sorties  without 
failure. 

8.  Physical  Characteristics 

a.  It  is  essential  that  the  landing  mats: 

(1)  Be  as  lightweight  as  possible  consistent  with  other  require¬ 
ments,  and  weigh  as  shown  on  Incls  1  and  2. 

(2)  Be  .  apable  of  installation  by  trained  personnel  at  the  rates 
shown  on  Incl  1,  Table  3. 

(3)  Permit  replacement  of  an  individual  mat  panel  within  two 
hours  essential,  one  hour  desirable. 

(4)  Be  capable  of  placement  with  a  minimum  number  of  accessories 
and  special  iools. 

(5)  Be  provided  with  a  simple  method  of  transition  and  laying 
from  runway  to  taxiway  and  parking  aprons. 

(6)  Be  provided  with  an  adequate  system  of  anchoring  runways 
and  taxiways  to  prevent  movement,  lift,  and  not  cause  damage 
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to  aircraft  tires. 


(7)  Be  capable  of  being  installed  directly  on  graded  subgrades 
with  maximum  crowns  of  3  percent,  longitudinal  grades  of  5 
percent,  and  a  maximum  longitudinal  grade  change  of  2  percent 
in  100  ft. 

(8)  Individual  mats  be  of  such  size,  shape,  and  weight  to  be 
handled  by  two  men  (desirable  maximum  weight  -  100  lb, 
essential  maximum  weight  -  120  lb). 

(9)  Be  packaged  so  as  to  compliment  ground  transportation 
and  installation  and  for  ease  of  aircraft  transportation  in 
sccordance  with  para  5a  of  AR  705-35. 

(10)  Be  provided  with  a  capability  which  will  allow  rapid  re¬ 
placement  of  buckled  (forced  together)  and  forced  apart  panels 
in  the  center  of  the  runway  from  bomb  or  other  damage. 

(11)  Be  provided  with  components  which  will  permit  joining 
light  duty  panels  to  medium  duty  panels,  and  medium  duty 
panels  to  heavy  duty  panels. 

(12)  (Desirable)  Be  provided  with  45-deg  transition  connector 
panel  which  will  allow  construction  of  high  speed  taxiways. 

b.  It  is  essential  that  the  membranes: 

(1)  Be  as  lightweight  as  possible  as  shown  in  Incl  1,  Table  r. 

(2)  Be  capable  of  being  installed  by  trained  personnel  at  the 


rates  shown  on  Incl  1,  Table  5. 


(3)  Withstand  locked-wheel  braking  action  and  maximum  wheel 
braking  procedures  of  critical  aircraft. 

(4)  Be  packaged  to  facilitate  hand  laying  so  as  to  compliment 
ground  transportation  and  installation  and  for  ease  of  aircraft 
transportation  in  accordance  with  para  5a  of  AR  705-35. 

(5)  Be  provided  with  suitable  anchoring  devices  which  will  not 
damage  the  membrane  or  tires. 

(6)  Be  capable  of  being  installed  directly  on  graded  subgrades 
with  maximum  crowns  of  3  percent,  longitudinal  grades  of 

5  percent,  and  a  maximum  longitudinal  grade  change  of  2  percent 
in  100  ft. 

9.  Maintenance  Characteristics 

a.  The  mats  and  membranes  shall  be  designed  to  minimize  main¬ 
tenance.  It  is  essential  that  maintenance  be  as  follows: 

(1)  Be  designed  to  facilitate  maintenance  accessibility  in  the 
field  environment  at  all  categories  so  that  required  maintenance 
will  be  perfoimed  in  the  minimum  practicable  time  with  a 
minimum  degree  of  skill,  variety  of  tools,  test  equipment,  and 
other  supplies. 

(2)  Be  designed  towards  minimization  of  maintenance  by 
utilization  of  the  most  reliable  components;  modular  construction 
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built-in,  simple,  failure  indicators;  and  other  technological 
advances  in  components  and/or  methods. 

(3)  Be  designed  so  that  individual  and/or  damaged  sections  of 
materials  may  be  removed  and  replaced. 

b.  Typical  maintenance  to  restore  performance  specified  herein 
will  consist  of  but  not  necessarily  be  restricted  to  the  following: 
cleaning,  inspecting  for  repairs,  alignment,  tightening  of  anchors, 
patching,  replacement  of  damaged  mat  panels,  and  repair  of  nonskid 
surface.  Maintenance  performed  shall  not  exceed  150  manhours 
per  month  by  personnel  from  an  Engineer  Platoon  of  the  Airmobile 
Divisional  Engineer  Battalion  for  the  service  life  of  the  materials. 

(Subgrade  failures  are  not  included  in  this  paragraph.) 

10.  Human  E’lgineering  Characteristics 

Human  factors  engineering  characteristics  of  the  system  will 
include  consideration  of  the  intellectual,  physical  and  psychomotor 
capabilities  of  the  intended  user. 

11.  Priority  of  Characteristics 

a.  Performance 

[ 

b.  Weight 

c.  Reliability  and  Durability 

d.  Transportability 
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e.  Maintainability 


Section  V  -  Personnel  and  Training  Considerations 

12.  Quantitative  and  Qualitative  Personnel  Considerations 

a.  The  system  will  be  installed  primarily  by  Army  engineer  units. 
However,  its  simplicity  of  emplacement  will  require  a  minimum  of 
training  whereby  any  Army  unit,  or  indigenous  personnel,  could 
install  and  maintain  the  system. 

b.  No  new  MOS  will  be  required. 

c.  Although  a  savings  in  personnel  strengths  normally  associated 
with  airfield  construction  may  not  be  effected,  with  this  system 
the  troop  effort  required  to  prepare  base  courses  can  be  diverted 
to  other  tasks,  and  the  overall  airfield  construction  time  reduced. 

13.  Training  Considerations 

Training  for  actual  installation  and  maintenance  of  this  system  will 
be  negligible.  Preparatior.  of  the  ground  for  installation  of  this  system 
will  normally  be  by  Army  engineer  units  which  already  have  this 
capability.  Training  literature  on  the  repair  and  reuse  of  prefabricated 
airfield  surfacing  materials  is  required.  This  literature  should  cover 
the  factors  to  be  considered  in  evaluation  of  surfacing  for  reuse, 
evaluation  methods  and  procedures,  repair  techniques  and  methods, 
repackaging  information,  and  a  basis  of  classification  of  prefabricated 
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airfield  surfacing  materials  for  future  use. 


Section  VI  -  Associated  Considerations 

14.  Training  Devices 

None  required  Components  of  the  system  will  be  utilized  for 
training. 

15.  Related  Materiel 

No  change  in  present  items  of  supply  is  anticipated.  Similar  items 
of  supply  already  in  the  Army  supply  system  may  still  be  required  to 
support  Army  aircraft  operations.  It  is  not  intended  that  this  system 
be  capable  of  inter-mix  usage  with  current  standard,  similar  items  of 
supply,  although  this  would  be  desirable  if  it  could  be  done  with  no 
compromise  of  capability  in  the  proposed  system.  Ancillary  equipment 
and  special  tools  to  emplace,  use,  and  maintain  prefabricated  airfield 
surfacings  must  be  developed  as  required. 

16.  Concealment  and  Deception 

Normal  camouflage  considerations  apply;  reduction  in  light  re¬ 
flectivity  is  required.  No  disguise  or  simulation  devices  are  required. 

17.  Interest 

This  system  will  probably  be  of  interest  to  British,  Canadian,  and 
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Australian  Armies. 


18.  Current  Inventory  Items 

There  are  no  existing  items,  and  no  items  are  under  development 
by  other  services  or  allied  armies  which  can  fulfill  this  requirement. 

19.  Communications  Security 

None. 

20.  Additional  Comments 

a.  If.  during  the  development  phase,  it  appears  to  the  developing 
agency  that  the  characteristics  listed  herein  require  the  incor¬ 
poration  of  certain  impracticable  features  and/or  unnecessarily 
expensive  and  complicated  components  or  devices,  costly  manufac¬ 
turing  methods  or  processes,  critical  materials  or  restrictive 
specifications  which  will  prove  excessively  expensive  or  serve  as 

p.  detriment  to  the  military  value  of  the  unit,  such  matters  shall 
be  brought  to  the  immediate  attention  of  the  Chief  of  Research  and 
Development  of  the  Army,  and  Headquarters,  US  Army  Combat 
Developments  Command  for  consideration  before  incorporation 
into  a  final  design. 

b.  This  materiel  requirement  is  identified  by  USACDC  Action 
Control  Number  7494  and  supports  the  following: 
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(1)  Army  CD  Program 


Army  75  (70-75) 


(2)  Study  "Engineer  75"; 

USACDC  Action  Control  No.  6493 

(3)  ArmyTasks  1:  High  Intensity  Conflict 

2:  Mid  Intensity  Conflict 

3;  Low  Intensity  Conflict, 
Type  I 

4;  Low  Intensity  Conflict, 
Type  II 

5:  Military  Aid  to  US  Civil 
Authorities 

6;  Complementing  of  Allied 
Land  Power 


(4) 

Phase 

Materiel 

(5) 

Function 

Service  Support 

3  Incl 
Tables 
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Table  1 


Mat 

Classification 

Single- 

Wheel 

Load 

lb 

Tire 

Pressure 

psi 

Nominal 
Contact 
Area 
sq.  in. 

Coverage 

Level 

CBR 

Heavy  duty 

50, 000 

250 

200 

1000 

4 

Medium  duty 

25, 000 

250 

100 

1000 

4 

Light  duty 

30, 000 

100 

300 

1000 

4 

Table  2 


Desirable  Weight 

Essential  Weight 

Mat  Classification 

lb  per  sq  ft. 

lb  per  sq  ft. 

Heavy  duty 

5.0 

6.5 

Medium  duty 

4.0 

4.5 

Light  duty 

2.  5 

3.  0 

Table  3 

Desirable  Placing  Rate 

Essential  placing  Rate 

Mat  Classification 

sq  ft  per  man-hour 

sq  ft  per  man-hour 

Heavy  duty 

400 

150 

Medium  duty 

400 

250 

Light  duty 

600 

400 

Table  4 

Desirable  Weight 

Essential  Weight 

Membrane  Classification  lb  pe;  sq  yd. 

lb  per  sq  yd. 

Heavy  duty 

5.0 

6.0 

Medium  duty 

3.0 

4.0 

Light  duty 

1.0 

2.0 

Table  5 

Desirable  Placing  Rate  Essential  Placing  Rate 

Membrane  Classification  sq  ft  per  man-hour 

sq  ft  per  man-hour 

Heavy  duty 

300 

200 

Medium  duty 

400 

300 

Light  duty 

600 

400 

Incl  l  to  QMR 
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EQUIVALENT  SINGLE-WHEEL  LOAD,  KIPS 


I  NCL 


LEGEND 


A  MAT  CATEGORY  DEFINITION 
O  AIRCRAFT  REQUIREMENT 
♦  MAXIMUM  TAKEOFF  WEIGHT 
f  THEATER  OF  OPERATIONS  WEIGHT 


NOTE  THESE  CURVES  DO  NOT  INDICATE  MAT 
CAPABILITY  FOR  ARRESTING  GEAR 
LAIIDINOS  WITH  TAILHOOKB. 

THE  PURPOSE  OF  THIS  FAMILY  OF  CURVES 
IB  TO  ILLUSTRATE  THE  APPROXIMATE  LOAD- 
CARRYING  CAPABILITY  OF  A  PROPOSED 
FAMILY  OF  MATS  WITH  RESPECT  TO  LOADINGS 
OF  SOME  CURRENT  AIRCRAFT,  THE  CURVES 
HAVE  ONLY  BEEN  PARTIALLY  VALIDATED  ANO 
SHOULD  NOT  BE  USCO  FOR  DESIGN  PURPOSES. 

EACH  MAT  WILL  SUPPORT  ALL  AIRCRAFT 
PLOTTED  IN  A  POSITION  ABOVE  THE  CURVE 
REPRESENTING  THAT  MAT  CATEGORY. 

PROJECTED  RELATIVE 
LANDING  MAT 
CAPABILITY 

1000  COVKRAOCI  4  C 
(IUIJICT  TO  REVISION) 
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PROJECTED  PERFORMANCE  OF  MEMBRANES  FOR  PERIOD  OF  SIX  MONTHS  (1200  SORTIES  *  ) 


(THIS  IS  A  PRELIMINARY  TABLE  SUB'ECT  TO  REVISION) 


OPERATION 


AIRCRAFT 

LNNOING 

MAX  ENGINE 
RUN-UP  FOR 
TAKEOFF 

LOCKED- 

WHEEL 

TURNS  TAXIING 

AUXILIARY  USE 
LOCKED-  WATERPROOFING 
WHEEL  BENEATH 

BRAKING  LANDING  MATS 

REMARKS 

F  — 1 1 1 A 

4 

HEAVY 

4 

-DUTY 

4 

M  EM  BRANE 

4 

(S— 6  LB  PER  SQ  VD) 

4  4 

PERFORMANCE  RATING 

F-1!  «B 

4 

4 

4 

4 

4  4 

SCALE  FOR  MEMBRANES. 

o 

1 

L 

4 

4 

4 

4 

4  4 

»  SATISFACTORY 

C  — 14  1 

4 

4 

4 

4 

4  1 

2  BORDERLINE  * 

C-3 

4 

4 

4 

4 

4  4 

3  UNSATISFACTORY 

1 

1 

1 

1 

1  1 

4  NO  TEST  DATA 

C-7A 

1 

1 

1 

1 

1  1 

AVAILABLE 

C  H  —34 

1 

1 

1 

1 

1  » 

CH-4  7 

1 

1 

1 

I 

1  1 

*  SORTIE  -  ONE 

UH-I 

1 

1 

NA 

1 

NA  » 

LANDING  AND  ONE 
TAKEOFF 

OV-I 

1 

1 

1 

1 

1  1 

01-3 

1 

1 

1 

1 

1  1 

F-1  1  1  A 

4 

MEDIUM-DUTY 

4  4 

MEMBRANE 

4 

0-4  LB  PER  SQ.  VO) 

4  4 

F  —  1 1  1  B 

4 

4 

4 

4 

4  4 

F  — 4  B 

3 

3 

1 

4 

4  t 

note:  the  purpose 

OF  THIS  PROJECTED 

C  —  1 4  1 

4 

4 

4 

4 

4  4 

PERFORMANCE  OF  A 
FAMILY  OF  MEMBRANES 

C-3 

4 

4 

4 

4 

4  4 

IS  TO  INDICATE  TMEIR 
RELATIVE  CAPABILITIES 

C-1J0E 

2 

2 

1 

1 

1  1 

FOR  SELECTED  CURRENT 
AIRCRAFT  AND 

C-7A 

1 

1 

1 

1 

1  1 

helicopters. 

CH-54 

1 

1 

1 

1 

1  1 

CH-47 

1 

1 

' 

1 

1  1 

UH-I 

1 

1 

NA 

1 

NA  1 

CV-1 

1 

1 

' 

1 

1  1 

Ol-E 

1 

1 

1 

1 

1  1 

F-l  II A 

4 

LIGHT- 

4 

DUTY  MEMBRANE  ( 

4  4 

1-2  LB  PER  BO.  YO) 

4  4 

F-lltB 

4 

4 

4 

4 

4  4 

F-4B 

4 

4 

3 

1 

3  1 

C-I4I 

4 

4 

4 

4 

4  4 

C-3 

4 

4 

4 

4 

4  4 

C  —  1  JOE 

3 

3 

2 

1 

i  i 

C  — 7  A 

3 

3 

2 

1 

2  < 

CH-S4 

1 

1 

1 

1 

1  1 

CH-47 

1 

1 

1 

1 

1  1 

UH-I 

i 

s 

NA 

i 

NA  • 

OV-I 

3 

J 

3 

1 

1  • 

oi-c 

1 

1 

1 

1 

1  1 

INCL  J  TO  Q  MR 
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ANNEX  B 


WORK  STATEMENT  FOR 
COST-EFFECTIVENESS  STUDY  FOR 
PREFABRICATED  AIRPLANE  LANDING  MATS 


Airfield  Landing  Mats 


BACKGROUND 


Landing  mat  surfacings  are  required  to  provide  the  Army  with 
imnroved  capability  to  produce  the  required  aircraft  landing  facilities, 
in  the  theaters  of  operation,  which  are  essential  for  support  of  air 
mobility  concepts.  The  landing  mats  are  to  provide  a  bearing  surface 
capable  of  supporting  specified  aircraft  loadings  on  low-strength  soils. 
Use  of  the  matting  will  greatly  reduce  the  time  and  engineer  effort 
required  to  construct  airfields  by  substantially  eliminating  the  need 
for  subgrade  preparation  and  by  providing  a  surface  which  can  be 
rapidly  emplaced.  The  mats  are  to  be  of  u  design  which  is  lightweight, 
consistent  with  meeting  operational  requirements,  reusable  without 
rehabilitation  if  undamaged,  and  packaged  for  ease  of  handling.  The 
mats  should  inherently  provide  waterproofing  and  dustproofing  of 
the  underlying  soil  surface,  however,  prefabricated  membranes  can 
be  used  beneath  mats  to  waterproof  the  subgrade.  The  landing  mat 
surfacings  may  be  utilized  to  support  air  operations  in  any  land  area 
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of  the  world;  however,  primary  use  is  expected  to  be  in  underdeveloped 
areas  where  airfields  are  either  nonexistent  or  inadequate. 

OBJECTIVE  OF  STUDY 

The  objective  of  the  study  is  to  determine  the  composition  of 
the  desired  airfield  surfacing  equipment  set  for  the  1975  timeframe. 
Specifically,  a  determination  is  desired  as  to  the  optimum  mix  of 
mats  and  membranes  compared  to  waterproof  mats  on  a  cost-effective 
basis.  This  should  include  a  recommended  size  and  weight  for  panels 
with  basic  guidelines  for  ancillary  equipment  and  the  desirability  of 
standardizing  connectors,  etc.  A  "systems  approach"  treating  mats 
in  conjunction  with  membranes  is  desired  to  define  the  most  cost/ 
effective  mix.  A  copy  of  the  Qualitative  Materiel  Requirement  (QMR) 
for  prefabricated  airfield  surfacings,  which  provides  the  requirements 
for  landing  mats  and  membranes,  is  Annex  A. 

WORK  TO  BE  PERFORMED 


The  contractor  will  provide  all  labor,  personnel,  materials, 
facilities,  and  equipment  required  to  conduct  trade-off  analyses  of 
the  major  QMR  requirements  and  a  cost-effectiveness  comparison  of 
landing  mat  materials.  The  contractor  will  perform  the  three  phases 
of  work  which  are  described  in  the  succeeding  paragraphs.  The 
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phases  which  are  described  are  requireo  tor  ‘K‘  accomplishm-nt  of 

the  study  objective. 

( a )  Phase  i  -  Trade-Off  Analyses 

(1)  The  contractor  will  identify  and  examine  trade-offs 
in  order  to  determine  the  effect  on  landing  mat  cost  and 
mission  effectiveness  resulting  from  specific  changes  to 
fhe  QMR  requirements. 

(2)  These  trsde-o  ts  should  encompass  all  major 
physical  and  performance  ch&i  act«  r^ics,  operational, 
organizational,  and  logistical  specifications,  given  in 
the  QMR.  The  trade-off  analyses  should  include,  but  not 
necessarily  be  limited  to,  the  following  parameters: 

a.  Performance  (i.  e. ,  operational  capability) 

b.  Weight 

c.  Reliability  and  durability 

d.  Transportability 

e.  Maintainability 

f.  Placement  rate 

g.  Producibility 

h.  Logistical  support 

i.  Availability 
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(3)  If  warranted  by  the  trade-off  analyses  of  Phase  I, 
the  contractor  will  include  in  the  study  report  recom¬ 
mendations  for  changes  to  the  current  QMR  and  will 
furnish  justifications  for  each  eh'  >ge.  The  parameters 
which  are  considered  critical,  with  respect  to  landing 
mat  cost  and  effectiveness,  will  be  identified. 

Phase  II  -  Cost-Effectiveness  Analysis 

(1)  Phase  II  will  determine  the  most  cost-effective 
combination  of  mats  and  membranes  (both  current  and 
proposed)  that  are  capable  of  satisfying  the  requirements 
of  the  QMR. 

(2)  Cost  Models 

a.  The  contractor  will  develop  and  present  the 
cost  models  used  in  the  study.  A  detailed  backup 
to  include  assumptions,  raw  data,  sample  calcu¬ 
lations,  and  data  sources  will  be  required  to 
justify  all  costs. 

b.  The  cost  models  will  include  development, 
procurement,  operational,  and  maintenance  costs 
broken  down  to  the  detail  necessary  for  cost- 


effectiveness  comparisons. 


c.  Costs  common  to  all  landing  mats  will  not 
be  included  in  the  cost  models,  However,  these 
costs  will  be  identified  and  their  absence  from  the 
model  explained  in  the  backup  narrative. 

d.  Costs  will  be  developed  for  the  1970-1975 
time  frame,  based  on  production  quantities  of  10, 
25,  50,  75,  and  100  million  sq.  ft.  of  each  type 
of  landing  mat  considered. 

(3)  Effectiveness 

a.  The  contractor  will  develop  and  state  the 
criteria  for  landing  mat  effectiveness  used  in  the 
study.  However,  landing  mat  effectiveness  should 
be  expressed  as  a  function  of  the  parameters  con¬ 
sidered  in  the  Phase  I  trade-off  analyses  (see 
subparagraph  (a)(2)). 

b.  Effectiveness  parameters  will  be  weighed  to 
reflect  their  relative  importance  and  priority 
according  to  the  general  guidance  contained  in  the 
QMR  under  Section  IV  -  Characteristics,  in  para¬ 
graph  11  -  Priority  of  Characteristics.  However, 
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n  sensitivity  analysis  of  these  weighing  factors  is 
required. 

c.  Kffectiveness  criteria  and  weighing  factors 
must  be  approved  by  the  Project  Advisory  Group 
(PAG)  at  the  first  contractor  briefing  to  the  PAG 
(see  subparagraph  g(l)(a)). 

(4)  Sensitivity  Analysis 

a.  A  sensitivity  analysis  will  be  performed  on 
all  important  variables  and  parameters.  This  is 
required  to  determine  what  variations  in  effective¬ 
ness  will  result  for  small  changes  in  the  value  of 
these  parameters.  Bounds  will  be  given  to  show 
the  range  of  values  that  the  parameters  can  assume 
without  influencing  the  results  of  the  analysis.  Con¬ 
fidence  limits  on  these  data  will  be  specified. 

b.  The  implications  of  the  sensitivity  analysis 
to  landing  mat  trade-offs  and  cost-effectiveness 
will  be  discussed  in  detail  in  the  report. 

(c)  Phase  HI  -  Landing  Mat  Development  Plan 

(1)  In  Phase  III,  the  contractor  will  answer  the  basic 
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questions  net  forth  In  the  study  objective  Supplemental 
questions  depicted  as  Essential  UlementH  of  Analysts 
(KKA's)  are  to  be  answered  accordingly.  Typical  KKA's 
could  include  but  not  be  limited  to  the  following:  Using 
the  existing  mats,  is  there  an  optimum  mix0  What 
influence  would  n  hypothetical  (QMK)  mat  have  on  the 
optimum  mix  solution7  What  influence  will  the  optimum 
membrane  have  on  the  results? 

Determine  if  one  landing  mat  should  be  developed 
that  will  satisfy  the  military  requirement  (QMR)  or  should 
a  family  of  landing  mats  (heavy,  medium,  and  light-duty) 
be  developed.  What  influence  will  the  optimum  membrane 
have  on  the  results7 

Waterproofing  the  underlying  soil  surface  is  a 
requirement  of  prefabricated  airfield  surfacings.  Present 
practice  is  to  use  membranes  under  mats.  Should  mats 
be  designed  to  provide  inherent  waterproofing?  What 
effect  will  waterproof  mats  have  on  the  optimum  membrane 
solution7  Determine  the  cost  breakeven  point  for  membranes 
vs.  inherent  waterproof  mats. 

Will  standardization  of  mats  affect  cost,  use,  pro¬ 
duction,  etc.  ? 
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Will  the  optimum  mat  (family)  be  affected  by  a 
specific  production  method''  What  influence  docs  fil?e 
(w,  1,  h)  or  shape  of  mat  have  on  production9 

(2)  The  contractor  will  ubo  the  results  of  Phases  1 
and  11,  plus  any  other  considerations,  to  justify  the 
answers  to  these  questions. 

(3)  Technical  characteristics  for  the  landing  mat(s) 
most  suitable  for  military  requirements  will  be  recom¬ 
mended.  The  results  of  the  trade-off  and  sensitivity 
analyses  of  Phases  !  and  II  should  justify  these  recom¬ 
mendations. 

(d)  Study  Plan 

(1)  Within  30  days  of  receipt  of  a  fully  executed  contract, 
the  contractor  will  submit  to  the  contracting  officer  for 
approval,  a  study  plan  to  include  a  schedule  for  the 
accomplishment  of  Phases  I,  II,  and  III.  The  scheduling 
information  contained  in  the  study  plan  must  include 
sufficient  detail  for  future  use  as  a  guide  for  evaluating 
the  contractor's  performance. 

(2)  Within  45  days  after  award  of  contract,  all  assump¬ 
tions  to  be  uscu  in  the  study  will  be  developed  and  will 
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constitute  one  of  the  items  to  be  presented  in  the  initial 
briefing  of  the  PAG  (see  subparagraphs  f  and  f{(  1  )(n >>. 

(c)  Contracting  Officer's  Representative. 

The  contracting  officer  may  designate  and  authorize 
n  person  to  act  as  the  contracting  officer's  representative 
(COR)  under  this  contract.  The  COK  will  represent  the 
contracting  officer  in  the  tcchnlcol  aspects  of  the  work; 
however,  he  will  not  be  authorized  to  issue  change  orders, 
contract  supplements,  or  direct  any  contract  performance 
rcquir'ng  contractual  modifications  or  adjustment. 
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LANDING  MAT  SYSTEM  MISSION  SCENARIO 

1 .  Purpose 

The  purpose  of  this  annex  is  to  describe  a  theater  of  operations 
and  an  operating  environment  typical  of  those  in  which  expedient  air¬ 
field  surfaces  will  be  employed  in  the  1070-197.;  time  frame.  The  annex 
describes  aspects  of  geographic  location  and  environmental  conditions 
of  the  theater  of  operations  that  are  pertinent  to  the  cost-effectiveness 
analysis  of  landing  mats,  and  defines  the  types  and  locations  of  specific 
fields  and  the  anticipated  aircraft  loading  on  each  field. 

2.  Landing  Mat  System  Mission 

For  purposes  of  the  cost-effectiveness  analysis  o  tn<s  study,  a 
quantified  landing  mat  system  mission  was  postulated.  Noting  that  the 
QMR  contains  a  requirement  that  lunding  mats  provide  six  months  of 
operational  life,  the  landing  mat  cystem  mission  was  stated  as  follows: 

'  Provide  at  least  six  months  of  operational  life  (with  no  more 
than  10^i  mat  replacement)  on  all  airfields  in  a  typical  foreign 
theater  of  operations,  under  typical  aircraft  traffic  loads.  " 
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TIm  remainder  of  thin  onnrx  describes  hov  the  phrases  “typical  for- 
*  ign  theater  of  operations"  and  "typical  aircraft  traffic  loads'  are 
Interpreted  In  the  co«t -effcctlveneHH  analysis. 

3.  Theater  of  Operations  (TO) 

In  the  real  world,  a  potential  exists  for  myriad  scenarios  de¬ 
scribing  all  levelH  of  Intensity  of  warfare,  numerous  geographic  loca¬ 
tions,  climatic  and  terrain  conditions,  and  varying  degrees  of  deployed 
troop  levels. 

As  a  l>asis  for  the  cost-effectiveness  analysis  of  this  study,  the 
typical  or  standard  TO  description  of  TM  5-366  was  selected.  This 
selection  avoids  unnecessary  proliferation  of  data  n  quirements  and  yet 
provides  a  rational,  realistic,  and  adequate  setting  for  the  analysis. 

3.  1  Theater  Operational  Areas 

As  shown  in  Kxhibit  C-l,  following  this  page,  the  typical  theater 
of  operations  is  divided  into  four  operational  areas.  Starting  at  the 
forward  edge  of  the  battle  area  (FKHA)  and  moving  rearward  to  the 
communications  /one,  these  include: 

.  Hattie  area 

.  Forward  area 
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.  Support  area 

.  Hear  area. 

A  brief  description  of  each  of  these  areas  is  provided  b  low. 

3.  1.  1  Hattie  Aren 

The  battle  area  represents  that  area  occupied  by  combat  and 
combat  support  forces  In  contact  with  the  enemy  along  the  FEBA  and 
under  the  operational  control  of  n  brigade  commander.  Airfield!*  in 
this  nrea  must  accommodate  medium  and  light  lift  aircraft  for  logistics 
operations.  The  air  lines  of  communication  (ALOC)  are  normally  aug¬ 
mented  by  organic  Army  rotary  wing  aircraft  (i.  e. ,  CH-47  and  CH-54), 
as  well  os  surface  transportation,provided  ground  lines  of  communica¬ 
tion  are  available  and  passable.  Anticipated  airfield  life  is  relatively 
short  (one  week)  in  the  battle  area  and  runway  and  construction  time 
requirements  are  minimal. 

3.  1.  2  Forward  Area 

The  forward  area  of  the  TO  includes  the  area  between  the  division 
rear  boundary  and  the  brigade  rear  boundary.  Airfields  in  this  area  are 
also  relatively  short-lived  (one  month),  require  minimum  construction 
time  and  effort,  and  are  of  relatively  small  size.  It  is  anticipated  that 
only  medium  and  light  transport  aircraft  will  operate  in  the  forward 
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a rrn.  Organic  rotary  wing  aircraft  anh  surface  transportation  augment 
the  logistics  fund  Ion  in  the  forward  area. 

3.  1.3  Support  Aren 

Thi«  nren  Ih  normally  occupied  by  combnt  support,  combnt  ner¬ 
vier  support,  nnd  command  and  control  element*  of  the  corps  nnd  field 
army.  The  nren  in  sufficiently  distant  from  enemy  ground  fire  to  per¬ 
mit  the  operational  use  of  all  typcH  of  airfields  accommodating  nil  types 
of  aircraft.  Fields  meeting  tactical  aircraft  nnd  all  sizes  of  transport 
aircraft  requirements  are  constructed  in  the  support  nren.  The  opera¬ 
tional  life  of  the  airfields  in  the  support  nren  is  expected  to  reach  6 
months. 

3.  1.  4  Rear  Area 

The  rear  area  is  considered  to  be  in  the  communications  xone 
and  includes  all  types  of  airfields.  These  fields  are  expected  to  have 
an  operational  life  of  at  least  one  year  nnd  have  maximum  operational 
surface.  It  is  anticipated  that  many  fields  in  the  rear  area  would  be 
permanently  surfaced  within  one  year. 
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3.  2  Th»  _ier  of  Operation*  Airfield  Require niPi,!n 


Thr  airfield*  in  the  TM  5-366  typical  theater  (pictured  earlier 
in  Exhibit  C*l)  are  further  de*cril>ed  in  l.xhibit  O 2,  following  this 
page.  In  addition  to  tabulating  the  number*  of  the  various  airfield  type* 
in  the  theater  of  operational  area*,  thl*  latter  exhibit  also  describe*  the 
overall  theater  airfield  iiurfncing  requirement*  by  airfield  type.  The»e 
requirement*  were  developed  from  airfield  configuration  data  derived 
from  TM  5-366  and  *hown  in  exhibit*  a*  follow** 


Heavy  Lift  Field,  Rear 

Kxhibit  03 

Heavy  Lift  Field,  Support 

Kxhibit  04 

Medium  Lift  Field,  Rear 

Exhibit  05 

Medium  Lift  Field,  Support 

Kxhibit  06 

Medium  Lift  Field,  Forward 

Exhibit  07 

Medium  Lift  Field,  Rattle 

Kxhibit  C-B 

Light  Lift  Field.  Support 

Kxhibit  09 

Light  Lift  Field,  Forward 

Kxhibit  010 

Light  Lift  Field,  Rattle 

Kxhibit  Oil 

Tactical  Field,  Rear 

Kxhibit  C- 12 

Tactical  Field,  Support 

Kxhibit  C- 13 

Although  the  various  fields  are  categorized  as  heavy,  medium,  and 
light  lift  and  tactical  within  the  various  operational  areas,  any  of  the 
aircraft  considered  in  this  study  enn  land  on  any  field  in  an  emergency. 

As  it  applies  to  logistics  support  fields,  the  designation  of  the 
field  as  heavy,  medium,  or  light  lift  relates  to  the  size  and  type  of 
aircraft  to  be  serviced  by  the  field.  The  major  significance  of  the 
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EXHIBIT  C-3 

Heavy  Lift  Rear  Area  Airfield 


1 740' 


AIRFIELD  TRAFFIC  AREA  REQUIREMENTS 

RUNWAY 

1  ,580,000  SO.  FT. 

taxiway 

660,000  SQ,  FT, 

PARKING  APRONS 

1,670,000  SQ.  FT. 

WARM-UP  APRONS 

38,000  SO.  FT. 

TOTAL 

3,926,000  SQ.  FT. 
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APRON 


EXHIBIT  C-4 

Heavy  Lift  Support  Area  Airfield 


C-10 


i5Z> 


KX  HI  HIT  C-6 

Mrdjum  Lift  Support  Area  Airfit  Id 


L. _ 1  «AAt  — 

^  100* 

i  ,##'  r 

WARM 

UM 

APRON 

RUNWAY 

c 

! 

1 

| 

I 

TAM  1  WAY 

_r 

PARKING  APRON 

i 

! 

_ 

AIRFIELD  TRAFFIC  AREA  REQUIREMENTS 

RUNWAY 

210,000  SO.  FT. 

TAXIWAY 

142,000  SO.  FT. 

FAR K 1  NO  AARON 

974,400  SO.  FT. 

WARM-UP  APRON 

17  ,*00  SO.  FT. 

TOTAL 

799,900  SO.  FT. 
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HX I II HIT  C-7 

Medium  1,1ft  Forward  Area  Airfield 


KXIIIBIT  C-8 

Medium  Lift  Hattie  Area  Airfield 


L _ _ _ 

♦  100'-* 

PUNWAY 

S 

WARM 

UP 

WARM 

APRON 

UP 

• 

AARON 

* 

TAKIWAV 

_k 

AIRFICLO  TRAFFIC  AREA  REOUIRCMCNTI 

RUNWAY 

110,000  SO.  FT  * 

TAXIWAY 

71,000  OO.  FT. 

WARM -UR  APRON 

00,000  OO.  FT. 

TOTAL 

ui.ooo  oe.  ft. 
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KXMIBIT  C-9 

Light  Lift  Support  Area  Airfield 


iit1 _ 

L _ J 

*NN  t  ^ 

IM1 

IN' 

WAN 

UP 

APM< 

MUMWAV 

D 

M  W 

Uf 

->H  Al 

AM  M 

P 

MO N 

r 

jj 

» 

« 

• 

PAM  H  1  NO  APMON 

# 

AIMFICLO  TMAPPIC  A 

*IA  niQUinCMINTt 

MUNWAV 

90,00#  #n.  FT. 

TAXIWAY 

IT.000  OQ.  FT. 

PAMKINO  APMON 

770,000  #Q.  FT. 

WARM-UP  APMON 

U.000  to.  FT. 

TOTAL 

9S», 000  SO.  FT. 
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KXMIHIT  C-10 

l.lRhl  Lift  Forward  Area  AlrfirK. 


1  AM  M 
MON 


UA 

AMONl 


▼  AJIIMAV 


AAMRINO  AMMON 


AIMFIKUO  TRAFFIC  AM«A  ACQUIR|M|NTI 

RUNWAY 

Tt.OM  »Q.  r T 

taxiwav 

40,000  SO.  FT. 

MARK  INC  AARON 

11,009  so.  r t. 

WARM-UP  AARON 

tt.ooo  so.  rr. 

TOTAL 

uo.ooo  ao.  or. 
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i:\hihit  <;- 1 1 

Light  l.ift  Mnttlr  Arm  Airfield 


L _ j 

m  1 

MUNWAY 
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WARM 

WAR  M 
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urn 

UM 
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A»«  ON 

A*  "OH 

1 
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T  AMI  WAV 
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j  A  IM  F I  Ct.  O  TMAFFIC  AM  KA  RCOUIACMCNTI  | 

MUNWAY 

««.•••  »Q.  rr. 

TAXIWAV 

oi.oo#  so.  rr. 

WARM -UR -APRON 

to.oo#  so.  rr. 

TOTAL 

iio.vo#  so.  rr. 
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EXHIBIT  C-12 
radical  Hear  Area  Airfield 
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EXHIBIT  CM3 

Tactical  Support  Arm  Airfield 


RUNWAY 

100,000  00.  PT. 

TAXI  WAV 

iN.w  to.  ft. 

PARKING  APRON 

Mt.OM  *0.  FT. 

WARM-UP  APRON 

M,0N  10.  FT. 

TOTAL 

i.ori.m  ae.  ft. 
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field-type  designation  is  the  amount  of  surfacing  required,  which  If* 
determined  by  runway  length  and  parking  area  requirements.  Runway 
lengths  are  governed  by  the  performance  characteristic*  of  the  various 
aircraft  and  their  takeoff  and  landing  weights. 

Airfields  of  a  specific  typ'*  designation,  such  ns  medium  lift, 
have  d  fferent  configurations  depending  upon  where  they  may  be  located 
in  the  TO.  For  example,  a  medium  lift  field  in  the  battle  or  forward 
area  requires  less  surfacing  than  medium  lift  fields  in  areas  to  the  rear 
since  there  is  a  lesser  requirement  for  parking  space  and  taxiwnys  in 
the  forward  areas  and  the  aircraft  normally  operate  with  lighter  takeoff 
loads.  Reduced  requirements  for  surfacing  in  forward  fields  also  re¬ 
duces  the  construction  time  required  to  prepare  an  operational  field. 

It  is  important  to  note  that  the  surfacing  material  required  on  n 
field  of  a  given  type  designation  (e.  g.  ,  medium  lift  type)  will  be  the  same 
regardless  of  the  field's  location  within  the  theater.  Only  the  quantity  of 
surfacing  required  varies  with  location  of  the  field  in  the  theater. 

3.  2.  1  Heavy  Lift  Airfield 

The  primary  mission  of  the  heavy  lift  airfield  is  to  support  the 
largest  l  .  S.  Air  Force  transport  aircraft  involved  in  the  strategic  lift 
mission  from  CONUS  to  the  theater  of  operations.  Included  are  such 
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aircraft  as  the  C-5A,  the  C-141,  and  the  C-135,  iih  well  ns  commercial- 


type  aircraft  In  support  of  the  Military  Airlift  Command  (MAC).  It  1h 
assumed,  however,  that  the  heavy  lift  airfield  will  also  support  intro  - 
theater  support  aircraft  such  ns  Dm?  C-130,  the  C-123,  and  the  C-7  in 
their  distribution  mission. 

3.  2.  2  Medium  Lift  Airfield 

The  mission  of  the  medium  lift  field  is  essentially  restricted  to 
intrniheater  logistics  support.  It  is  expected  to  support  such  aircraft 
as  the  C-130,  the  C-123,  nnd  the  C-7,  and  will  be  constructed  in  all 
operational  areas  to  perform  that  mission. 

3.  2.  3  Light  Lift  Airfield 

The  light  lift  field  augments  the  medium  lift  field  in  the  intra- 
theater  support  mission.  It  is  constructed  to  meet  the  operational  re¬ 
quirements  of  aircraft  such  as  the  C-7, 

3.2.4  Tactical  Airfield 


Tactical  airfields  arc  constructed  to  meet  the  operational  charac¬ 
teristics  of  fighter  and  fighter-bomber  aircraft  such  as  the  F-4C,  the 
F-111B,  and  the  F-15.  Although  these  aircraft  may  land  on  other  fields 
in  an  emergency,  for  purposes  of  this  study  they  are  restricted  to 
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tactical  fields  because  of  the  critical  performance  and  physical  char¬ 
acteristics  of  the  aircraft,  and  the  resultant  high  performance  required 
of  the  surfacing  materials. 


4.  Aircraft  Traffic  in  the  Theater  of  Operations 

The  landing  mat  systems  that  are  the  subject  of  this  study  may, 
in  the  1975  time  frame,  be  required  to  support  the  operation  of  a  broad 
spectrum  of  U.  S.  and  Allied  military  and  commercial  aircraft  types. 
The  cost-effectiveness  analysis  of  this  study  required  that  the  opera¬ 
tional  load  imposed  by  these  aircraft  on  the  expedient  surfaces  airfields 
of  a  typical  theater  of  operations  be  characterized  quantitatively.  In 
developing  this  characterization,  it  was  necessary  to: 


Identify  a  set  of  aircraft  types  whose  characteristics 
(i.  e. ,  single  wheel  load,  tire  pressure,  and  tire 
contact  area)  are  representative  of  the  full  spectrum 
of  1975  time  frame  aircraft  characteristics 

Kstimate  the  number  of  sorties  (i.  e. ,  landings  and 
takeoffs)  that  will  be  performed  by  each  of  the  selected 
aircraft  types,  at  each  expedient  surface  airfield,  each 
month. 


The  1975  time  frame  aircraft  that  will  use  expedient  surfaces  airfields 
were  categorized  as  either  tactical  or  cargo  (i.  e. ,  logistics  support) 
aircraft.  Representative  aircraft  were  selected  from  both  categories 
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as  described  below.  It  will  be  noted  in  the  discussion  that  no  Army 
aircraft  are  included  in  the  list  of  representative  1975  time  frame  air¬ 
craft.  This  results  from  the  fact  (shown  in  Exhibit  C-14)  that  their 
landing  gear  characteristics  are  such  that  they  impose  negligible  wear 
on  landing  mats.  This  fact  has  also  been  confirmed  by  WES  tests. 

4.  1  Tactical  Aircraft  Traffic 

As  viewed  by  the  landing  mat  designer,  tactical  aircraft  of  two 
classes  are  of  interest: 


Fighter  aircraft  such  as  the  F-105,  the  F-106,  the 
F-4C,  and  the  F-15.  As  indicated  in  Exhibit  C-14, 
following  this  page,  the  single  wheel  loadings  of  this 
group  fall  at  or  below  25,  000  pounds.  Of  this  group, 
the  F-4C  with  its  250  psi  tire  pressure  imposes  the 
most  severe  stresses  on  landing  mats.  For  this 
reason,  the  WES  has  selected  it  as  representative  of 
1975  time  frame  fighter  aircraft  and  has  conducted 
extensive  tests  of  medium  duty  mats  under  simulated 
F-4C  loading  characteristics.  For  these  reasons, 
the  F-4C  was  used  in  this  study  to  represent  cJl 
1975  time  frame  fighter  class  aircraft. 

Fighter-bomber  aircraft  such  as  the  F-111B.  The 
single  wheel  loading  of  fighter  bombers  is  significantly 
greater  than  that  of  the  fighters.  To  characterize 
fighter-bomber  characteristics  in  tests  of  heavy  duty 
landing  mats,  WES  has  made  extensive  use  of  a  test 
rig  that  simulates  F-111B  characteristics.  Thus, 
the  F-111B  was  used  in  this  study  to  represent  all 
1975  time  frame  fighter-bomber  aircraft. 


EXHIBIT  C-14 

Aircraft  Landing  Gear  Characteristics 


Aircraft 

Gear  Type 
&  Wheel 
Spacing 

Equivalent 
Single 
Wheel  Load 

Inflation 

Pressure 

Contact 

Area 

F- 105 

Single 

15,000 

193 

125 

F-111B 

Single 

53.000 

215 

241 

F- lb  (est.  ) 

Single 

20,000 

250 

100 

F-4C 

Single 

25,000 

250 

100 

F- 106 

Single 

15,  200 

214 

80 

F-111A 

Single 

37.0JO 

150 

241 

C-130 

Single 

Tandem 

30,  000 

100 

300 

C-119 

Twin 

Tricycle 

32,  300 

82 

203 

C-123J 

Single 

24, 180 

88 

272 

C- 133 

Twin 

34,000 

98 

400 

C-7A 

Twin 

12, 300 

39 

150 

C-141 

Twin 

Tandem 

50, 050 

185 

208 

C-135 

Twin 

Tandem 

44,  700 

142 

261 

C-5A 

Multiple 

47, 400 

110 

260 

C  124 

Twin 

Tricycle 

49,000 

64 

630 

OV-1 

Single 

Tricycle 

6,900 

89 

70 

V 
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EXHIBIT  C- 14  (Cont.  ) 


Aircraft 

Gear  Type 
&  Wheel 
Spacing 

Equivalent 
Single 
Wheel  Load 

Inflation 

Pressure 

Contact 

Area 

UA-1 

Single 

3,  000 

28 

102 

0-  IE 

Single 

1,  150 

21 

52 

B-707 

Twin 

Tandem 

40,000 

160 

250 

B-747  (est.  ) 

Multiple 

45,000 

204 

200 

DC-8 

Multiple 

50,000 

131 

250 

The  QME  for  prefabricated  airplane  landing  mats  estimates  that  the 
level  of  activity  at  each  expedient  surface  airfield  will  be  1,000  sorties 
per  month.  For  tactical  airfields  considered  in  the  study,  this  means 
that  the  total  of  1,000  sorties  per  month  will  be  comprised  of  some 
number  of  fighter  aircraft  (i.  e. ,  F-4C)  sorties  plus  some  number  of 
fighter-bomber  (i.  e. ,  F-111B)  sorties. 

It  is  not  now  possible  to  estimate  precisely  the  ratio  of  fighter- 
to-fighter-bomber  aircraft  that  will  be  deployed  in  any  theater  of  opera 
tions  in  the  1975  time  frame.  However,  current  planning  suggests  that 
the  ratio  of  fighters-to-fighter-bombers  in  the  U.  S.  inventory  in  1975 
could  fall  between  10-  and  20-to-l.  A  mix  of  aircraft  at  the  10-to-l 
end  of  thi;s  spectrum  (because  of  the  heavier  concentration  of  fighter 
bombers)  would  impose  the  most  severe  stress  on  the  expedient  sur¬ 
faces  airfield  system.  Thus,  the  assumption  was  made  in  the  study 
that  the  1,000  sorties  flown  at  each  tactical  airfield  each  month  would 
be  made  up  of  900  fighter  (F-4C)  sorties  and  100  fighter-bomber 
(F-111B)  sorties. 

4.  2  Cargo  Aircraft  Traffic 

Cargo  aircraft  used  for  logistics  support  cf  the  theater  of  opera¬ 
tions  are  categorized  by  mission  lift  capability  and  aircraft  character¬ 
istics  as  follows: 
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Heavy  lift  aircraft  arc  primarily  used  in  the  strategic 
lift  missions  and  in  this  study  it  is  assumed  that  they 
will  normally  operate  only  from  heavy  lift  airfields  in 
the  TO.  Included  in  this  category  arc  aircraft  such  as 
C-5A.  C- 141,  C- 135  ,  0  124.  DC-8,  B-707.  and  B-747. 
The  C-5A  and  the  C-141  were  selected  as  the  study  air¬ 
craft  to  represent  the  heavy  lift  category  because  they 
are  relatively  modern  aircraft  and  are  representative 
of  the  entire  group  in  terms  of  wheel  loading  and  tire 
pressure  characteristics.  Additionally,  WES  was  able 
to  supply  valid  test  data  on  each  aircraft. 

Medium  lift  aircraft  are  required  for  intratheater 
logistics  support.  The  medium  lift  aircraft  are 
restricted  to  the  heavy  and  medium  lift  fields  in  this 
study.  They  include  such  aircraft  as  C-130,  C-133, 
C-123,  and  C-119.  For  study  purposes,  *he  C-130 
and  the  C-123  were  selected  as  representative  of  the 
group  for  the  same  reasons  indicated  above  for  the 
heavy  lift  aircraft. 

Light  lift  aircraft  are  also  used  in  the  intratheater 
logistics  role.  The  C-7  is  considered  to  be  represen¬ 
tative  of  this  class  of  aircraft  and,  in  fact,  is  the  heavi¬ 
est  of  a  group  which  would  include  the  Army's  utility  and 
cargo  fixed-  and  rotary-wing  aircraft. 


The  numbers  of  aircraft  in  the  TO  are  based  upon  classified  data 
incorporated  in  the  LOG  ALOC  II  Study  which  identified  the  programmed 
aircraft  fleet  for  the  time  frame  concerned.  An  analysis  of  this  data 
which  considered  cargo  aircraft  of  all  types.and  the  study  aircraft 
specifically,  provided  the  basis  for  potential  aircraft  deployment  to  a 
theater  of  operations.  This  data  was  converted  to  percentages  of  air¬ 
craft  rather  than  actual  numbers,  which  are  presented  below.  These 
percentages  attempt  to  present  not  only  the  actual  aircraft  shown  in  the 
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t.’iblc,  but  also  similar  typos  in  terms  of  wheel  loading  impact  upon 
the  theater  airfields.  The  purpose  of  using  the  percentages  rather 


than  actual  numbers  was  to  maintain  the  unclassified  nature  of  the 
report  while  still  reflecting  a  realistic  aircraft  deployment. 


Aircraft 


Percentage  by  Type  in  Theater 


C-5A 
C*  141 
C- 130 
C- 123 
C-7 


11% 

31% 

33% 

12% 

13% 


In  order  to  determine  expected  traffic  rates  by  the  above  aircraft,  it 
was  necessary  to  consider  the  missions  of  each  and  determine  monthly 
sortie  rates. 


Data  derived  from  the  LOG  ALOC  II  Study  indicate  that  strategic 
lift  aircraft,  such  as  a  C-5A  or  C-141,  flying  a  sortie  from  CONUS  to 
the  TO  and  return  of  16,  000  miles  would  make  six  (6)  such  trips 
monthly. 

The  same  study  indicated  that  for  200-mile  round  trip,  intra¬ 
theater  sorties,  the  medium  lift  aircraft  used  in  this  study  would  be 
capable  of  the  following  sortie  rates: 
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C- 130  2.  9  per  day  (86.5  per  month  ) 

C-123  .  9  per  day  (26.  5  per  month) 


30  day  mont,. 


The  C-7,  as  a  light  lift  aircraft,  flying  100  miles  round  trip  sor¬ 
ties  is  capable  of  averaging  1.  6  sorties  daily  or  48.  7  sorties  monthly. 

4.  3  Aircraft  Traffic  by  Type  Airfield 

As  indicated  aoovc,  aircraft  have  been  assigned  to  specified  air¬ 
field  types  for  study  purposes.  Based  upon  the  above  density  and  sor¬ 
tie  data,  the  1,000  monthly  sorties  or  round  trips  arc  distributed  by 
type  aircraft  and  type  field  as  shown  below. 


The  figures  shown  below  were  derived  as. follows: 


Columns  1,  2,  and  3  from  paragraph  4.2  above 

Column  4,  round  trip  ratio,  resulted  from  multiplying 
column  2  by  column  3 

Column  5  was  derived  by  dividing  each  of  the 
aircraft's  round  trip  ratios  by  the  total  round 
trip 

Column  6  converts  the  percent  of  sorties  per  month 
to  actual  sorties,  based  upon  a  total  of  1,000  per 
month  for  the  particular  field  concerned. 
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Heavy  I,lft  Field 


Aircraft 

To  of 

Total  A/C 

Round  Trip 
per  Mo. 

Round  Trip 
Ratio 

%  Sorties 
per  Mo. 

Sorties 
per  Mo. 

C-5A 

.  11 

6 

.  66 

.  020 

20 

C- 141 

.  31 

6 

1.  86 

.  045 

45 

C-  130 

.  33 

86.  5 

28.40 

.  700 

700 

C-123 

.  12 

26.  5 

3.  20 

.  075 

75 

C-7 

.  13 

48.  7 

6.  32 

.  160 

160 

Total 

1.00 

173.  7 

40.  44 

1.  000 

1000 

Medium  Lift  Field 

Aircraft 

%  of 

Total  A/C 

Round  Trip 
per  Mo. 

Round  Trip 
Ratio 

%  Sorties 
per  Mo. 

Sorties 
per  Mo. 

C  -  130 

.  57 

86.  5 

49.  25 

.  750 

750 

C-123 

.  20 

26.  5 

5.  30 

.080 

80 

C-7 

.  23 

48.  7 

11.  20 

.  170 

170 

Total 

1.00 

161.  7 

65.75 

1.000 

1000 

Light  Lift  Field 

Aircraft 

%  of 

Total  A/C 

Round  Trip 
per  Mo. 

hound  Trip 
Ratio 

%  Sorties 
per  Mo. 

Sorties 
per  Mo. 

C-7 

1.  00 

48.  7 

48.  7 

1.000 

1000 

Tactical  Field 

Aircraft 

%  of 

Total  A/C 

Round  Trip 
per  Mo. 

Round  Trip 
Ratio 

%  Sorties 
per  Mo. 

Sorties 
per  Mo. 

F-4 

.  90 

30 

27.  00 

.  900 

900 

F-111B 

.  10 

30 

30.  00 

.  100 

100 

Total 

1.  00 

60 

57.00 

1.  000 

1000 

C-30 


For  purposes  of  this  study,  It  was  assumed  that  the  aircraft 
sortie  mix  shown  above  will  apply  to  each  like  airfield  in  the  TO  and 
that  each  airfield  will  support  1,000  sorties  per  month  ns  required  by 
the  QMR. 

4.  4  Development  of  Coverage 

In  order  to  relate  the  traffic  mix  developed  above  to  the  candidate 
mat  systems  considered  in  the  study,  it  was  necessary  to  express  the 
sortie  or  traffic  rates  al>ovc  as  equivalent  test  coverages.  WES  has 
performed  exhaustive  tests  on  existing  mats  simulating  actual  aircraft 
loads  with  a  test  mechanism.  The  tests  are  performed  under  controlled 
conditions  on  the  ground  at  the  test  agency.  For  example,  an  F-4C 
wheel  and  tire  are  mounted  upon  a  test  rig  which  imposes  a  25,000 
pound  (F-4C)  load  on  a  tire  with  the  appropriate  (250  psi)  pressure  and 
contact  area.  Test  mats  are  laid  on  a  subsurface  of  known  soil  strength 
(usually  4  CBR)  to  form  a  test  section.  The  test  section  is  normally 
40  feet  long  and  24  feet  wide,  with  a  10-foot  wide  traffic  test  lane  in  the 
longitudinal  center  of  the  section.  The  test  rig  is  moved  longitudinally 
along  the  test  lane  simulating  the  F-4C  or  any  other  aircraft  for  which 
the  test  rig  is  prepared.  One  application  of  the  test  wheel  of  the  test 
rig  over  the  entire  test  lane  is  called  a  coverage. 


To  determine  the  number  of  coverages  applied  to  on  airfield 
surface  during  one  Hortie,  it  in  necessary  to  know  the  Hhape  of  the  air¬ 
field  and  the  pattern  of  the  aircraft’ll  ground  maneuvers  on  the  airfield. 
All  the  airfields  considered  in  this  study  are  "D"  shaped,  as  pictured 
in  Exhibit  C-15,  following  this  page.  On  this  type  field,  an  nircraft 
sortie  involves: 

.  Touchdown  and  landing  roll 

.  Taxi  to  parking  area 

.  Taxi  to  runway 

.  Takeoff  roll  and  lift  off. 

If  it  is  recognized  that  low  speed  (low  lift,  heavy  load)  portions  of  the 
landing  and  takeoff  rolls  occur  at  opposite  ends  of  the  runw-ay,  then  it 
is  approximately  correct  to  state  that  each  point  along  the  aircraft's 
path  bears  the  full  weight  of  the  aircraft  once  during  each  sortie  on  a 
"D"  shaped  airfield. 

Once  it  has  been  determined  that  each  sortie  by  an  aircraft 
results  in  one  (full  load)  pass  over  each  point  on  the  ground  maneuver 
track,  it  is  pesci^’e  to  express  the  wear  imposed  on  the  surface  during 
each  sortie  bv  using  WES  supplied  "Coverage  per  Sortie  Factors.  " 
These  factors  are  presented  in  Annex  F. 
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EXHIBIT  C- 15 
"D"  Type  Airfield 
(One  Cycle  of  Operation 
Equal*  One  Sortie) 
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ANNEX  D 


CHARACTERISTICS  OF  CANDIDATE 
LANDING  MAT  SYSTEMS 


1.  Purpose 

This  annex  describes  the  candidate  landing  mat  systems  whose 
cost-effectiveness  was  evaluated  in  the  study;  discusses  the  factors 
that  were  considered  in  selecting  the  candidate  systems;  and  catalogs 

certain  design  and  performance  characteristics  of  the  landing  mats. 

2.  Landing  Mat  System  Definition 

The  term  "landing  mat  system"  is  not  defined  by  the  QMR 
(Annex  A),  nor  is  it  defined  by  the  contract  Work  Statement  (Annex  B). 
However,  to  avoid  possible  conflicts  in  the  event  that  the  term  is  in  use 
for  military  applications  which  are  not  currently  apparent,  definition  of 
the  term,  as  used  in  this  study,  is  in  order. 

A  landing  mat  system  for  surfacing  of  airfields  in  a  theater  of 
operations  is  defined  as  one  or  more  types  of  landing  mats,  by  duty 
class,  with  subgrade  waterproofing  either  integral  to  the  mats  or 
provided  by  a  membrane  underlay. 
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The  QMK  for  Prefabricated  Airfield  Surfacing*  contemplates 
three  duty  classes  of  landing  main,  i.  e,  ,  heavy-duty,  mediumduty, 
and  light -duty.  Ah  the  above  landing  mat  system  definition  indicates, 
however,  this  study  explores  the  possibility  that  the  expedient  surfaces 
mission  could  be  accomplished  with  greater  cost-effectiveness  with  fewer 
thun  three  duty  classes. 

3.  Candidate  Landing  Mat  Systems 

To  assure  that  the  cost-effectiveness  and  tradeoff  analyses  would 
produce  meaningful  results  (in  the  context  of  the  study  objectives),  it  was 
necessary  to  define  a  set  of  alternative  candidate  landing  mat  systems 
whose  characteristics  span  the  range  of  interest  of  critical  systems 
design  variables.  This  required  consideration  of  the  following  factors: 

Quantitative  cost-effectiveness  comparisons  of  systems 
comprised  of  different  mixes  of  mat  duty  classes  (i.  e. , 
heavy  duty,  medium  duty,  and  light  duty  classes).  The 
list  of  candidate  systems,  therefore,  includes  systems  that 
are  representative  of  each  possible  mix  of  duty  classes. 

Thus,  seven  families  of  systems  were  synthesized  for 
analysis: 
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Heavy  duty  mats  only 

Medium  duty  mats  only 

Light  duty  mats  only 

Heavy  and  medium  duty  mats  only 

Medium  and  light  duty  mats  only 

Heavy,  medium,  and  light  duty  mats 

Heavy  and  light  duty  mats  only. 

These  seven  general  families  of  landing  mat  systems 
were  combined  with  the  four  basic  types  of  airfields  in 
the  theater  of  operations  to  produce  a  total  of  18  distinct 
landing  mat  systems.  These  are  further  divided  into 
two  groups  of  nine  systems  each,  according  to  whether 
membrane  underlay  or  integral  waterproofing  is  included. 
Exhibit  D-l,  following  this  page,  lists  the  constituent  elements 
of  the  18  landing  mat  systems  analyzed  in  the  study. 

.  Comparisons  of  the  cost  effectiveness  of  landing  mats  now 
in  development,  production,  or  operational  inventory  with 
hypothetical  mats  that  meet  the  requirements  of  the  QMR. 

The  mat  systems  of  Exhibit  D-l  were  structured  to  facilitate 
these  comparisons. 

The  same  membrane,  i.  e. ,  the  Army's  T-16  membrane,  was  used 
for  all  nine  landing  mat  systems  utilizing  this  type  of  waterproofing. 


Since  this  study  evaluates  the  performance  of  landing  mats  and  not  the 
performanc  e  of  membranes,  the  use  of  membrane  underlay  affects  only 
the  cost  of  landing  mat  systems,  in  terms  of  the  initial  cost,  shipping  cost, 
and  placement  cost  of  the  membrane.  The  T-16  membrane  was  selected 
for  use  in  this  study  because  it  has  demonstrated  long  life  and  reasonable 
cost.  Any  other  acceptable  {to  the  Army)  membrane  could  have  been  used, 
and  the  landing  mat  system  costs  would  vary  in  direct  proportion  to  the 
costs  associated  with  the  membrane  type.  Thus,  each  landing  mat 
system  with  membrane  underlay  would  realize  the  same  advantages,  or 
suffer  the  same  penalties,  which  would  be  attributable  to  membrane  costs. 

Each  of  the  landing  mat  systems  defined  in  Exhibit  D-l  was  evaluated 
using  the  models  described  in  Annex  F  of  this  report.  The  results  of  the 
evaluation  are  presented  in  Annex  G. 

Exhibit  D-l  indicates  only  the  identification  of  the  mats  and  water¬ 
proofing  types  included  in  the  candidate  systems  whose  cost  effectiveness 
was  analyzed.  Pertinent  design  and  performance  characteristics  of  the 
various  landing  mat  types  are  presented  in  Exhibit  D-2,  at  the  end  of 
this  annex. 
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EXHIBIT  D-l 
anduinte  Landing  Mat 
Systems  Analysed 
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Exhibit  D-2  has  been  structured  according  to  the  three  duty  classes 
of  landing  mats,  beginning  with  heavy  duty  in  the  first  column  at  the  left. 
On  the  first  line  in  each  duty  class,  the  hypothetical  (QMR)  mat  require¬ 
ments  are  given.  Then,  in  the  same  duty  class,  specific  existing  landing 
mats  are  listed.  These  existing  mats  have  been  assigned  to  the  duty 
classes  based  on  the  experience  of  the  Waterways  Experiment  Station  in 
testing  and  evaluation  of  those  mats. 

3. 1  Mat  Placement  Rate  Derivation 

Placement  rates  for  landing  mats  are  important  in  system  cost 
estimating  since  they  represent  a  major  labor  cost  item.  These  rates 
can  vary  considerably,  however,  depending  on  whether  the  data  is  taken 
from  engineering  tests  conducted  at  the  Waterways  Experiment  Station, 
where  the  mats  are  placed  on  flat  surfaces,  or  from  field  tests  where 
the  mats  are  placed  on  a  crowned  surface.  Higher  rates  are  achieved 
on  flat  surfaces  than  on  crowned  surfaces.  While  it  is  more  desirable 
to  use  field  placement  rates  for  cost  estimating,  appropriate  data  are 
not  available  for  all  of  the  existing  mats  considered  in  the  study,  and 
certain  rates  had  to  be  derived. 

The  placement  rates  used  for  system  cost  purposes  in  this  study, 
and  shown  by  Exhibit  D-2,  were  obtained  in  the  following  manner: 
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.  The  QME  "Essentia!"  rale  was  used  for  the  hypothetical 
mats  with  membrane  underlay 

.  The  placement  rates  for  existing  heavy  duty  mats  with 
membrane  underlay  arc  taken  as  one-half  the  WES 
engineering  test  rates,  in  accordance  with  general  Army 
experience 

.  The  placement  rates,  for  medium  duty  mats  with 
membrane  underlay  are  taken  as  60  percent  of  the 
WES  engineering  test  rates,  in  accordance  with 
general  Army  experience 

.  The  placement  rates  for  light  duty  mats  with  membrane 
underlay  arc  Army  field  test  rates  except  for  the  Harvey 
light  duty  mats  which  are  estimated. 

.  For  all  mats  with  integral  waterproofing,  the  placement 
rates  are  taken  as  50  percent  of  the  rates  for  the  same 
mats  with  membrane  underlay.  WES  experience  with 
integrally  waterproofed  mats,  while  limited  to  date, 
indicates  that  these  reduced  placement  rates  are 
expected. 

Finally,  it  is  noted  (and  shown  by  Exhibit  D-2)  that  the  placement 
rates  for  existing  mats  with  membrane  underlay  generally  exceed  the 
"Essential"  rates  given  by  the  QME. 
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Design  Conditions 

MAT  T\  PK 

i  _ 

Single 

Wheel 

Load 

(x  1000  lb.  ) 

Tire 

Pressure 

( lb.  /  in.  “ ) 

Tire 

Contact 

Area 

(in.  2) 

Soil 

CBH 

Cove  rap 
I  .evel 

Heavv  Duty  (QMH) 

50 

250 

200 

4 

1000 

Dow  Truss  Web 

■  • 

' ' 

•• 

« i 

1602 

\M20 

" 

' ' 

1 1 

620 

Medium  Dutv  (t)MRI 

25 

250 

100 

4 

1000 

XM1°  (Kaiser) 

•» 

•• 

" 

1785 

X  M 1 8 

•  I 

i  • 

1100 

AM -2 

•• 

i  • 

<  • 

050 

Goody  ea  r 

All -Bonded 

•• 

« i 

•• 

•• 

*»00 

light  Duty  (QMI1) 

80 

100 

800 

4 

1000 

Harvey  I.D 

" 

1 

** 

867 

MBA  1 

♦  » 

" 

1 1 

'  * 

750 

Values  listed  for  existing  mats  are  current  actual  values.  The  terms 


Placement  rates  shown  are  for  mats  using  membrane  underlay.  Hate 


c 

— 

1  nit  We ight  (lb.  /ft.  ^ ) 

Placement  Hate 

2 

(ft.  “/ man-hour) 

Material 

Fabrication 

Method 

Mat  Panel 
Dimensions  (Nomi 

Width 
(Ft.  ) 

I  englh 
t  Ft.  ) 

1 

I  ssential 

Desirable 

Kssential 

Desirable 

(3.  5 

5.  0 

150 

400 

- 

- 

- 

- 

3  1 

- 

300 

- 

Aluminum 

Kxtrus  ion 

2 

0 

fi.  05 

- 

310 

- 

Aluminum 

Intrusion 

2 

12 

4.  5 

4.0 

250 

400 

- 

- 

- 

1.  1 

- 

350 

- 

Aluminum 

Sandwich 

4.  2 

4 

4.  8 

- 

350 

- 

Aluminum 

Kxtrus  ion 

2 

12 

5.  80 

- 

300 

- 

Aluminum 

Kxtrus  ion 

o 

12 

4.  07 

- 

275 

- 

Aluminum 

Sandwich 

4 

4 

,0 

3.  5 

400 

GOO 

- 

- 

. 

3.  07 

- 

225 

- 

Aluminum 

Kxtrus  ion 

1 

12 

7.  5 

- 

243 

- 

Steel 

Roll 

1.  6 

11 

I  ssential'  and  Desirable"  refer  only  to  the  QMH  (hypothetical)  mats. 


for  integrally  waterproofed  mats  are  one-half  the  rates  shown 


I  xhibit  I) 
I  anding  Mat  (  hat 


m 

Mat  Panel 
■ms ions  (Nominal) 

Panel 
Plac  ir.R 
\rea 

0 

(l-  t.  “) 

Panel 
\\  eight 
( l.bs.  ) 

Panel  Handle 
Dimensions  (I  t.  ) 

Hand  le 
\\  eight 
(1  bs.  ) 

Hundle 

Volume 

(I  t.  S 

I 

1  ength 
(It.) 

Depth 
(In.  ) 

\\  id th 

1  engtli 

Depth 

0 

1.  r> 

18 

" 

1 13.  0 

2.  37 

!i.  20 

2.  14 

2.  177 

46.  60 

12 

1.  "> 

24 

146.  15 

2.  37 

12.  20 

2.  14 

2,  830 

61.  88 

1 

1.  5 

16.  73 

68.  0 

4.  13 

4.00 

4.  10 

2,484 

60.  21 

12 

i.  r> 

24 

116.  8 

2.  37 

12.  20 

2.  14 

2,330 

61.  88 

12 

1.  5 

24 

148.  40 

2.  33 

12.  12 

2.  72 

2,  600 

61.  88 

» 

1.  5 

16.  73 

67.  5 

4.  13 

4.  00 

4.  10 

2,475 

60.  21 

12 

1.  J 

12 

37.  0 

2.37 

12.  20 

2.  14 

1,  427 

61.88  * 

11 

1.  H 

in.  2 

144 

1.  9 

12.  02 

1.  08 

2.036 

24.  7 

Exhibit  D-2 

Landing  Mat  C  bn rMcterist i<  s 


1’  mel 

M..<  ing 
\re  • 

t  1  !.  “1 

Panel 
Weight 
<  I  bs.  ) 

Panel  Hundh 
Dimensions  (1 

.  ) 

Hundle 
Weight 
(Lbs.  l 

Hundle 

Volume 

3 

(It.  ) 

Placing  Area 
per  Hundle 

<R.  2) 

W  id t  h 

I  ength 

Depth 

18 

112.  0 

2.  27 

20 

2.  14 

2.  177 

46.  60 

324 

2-1 

146. 15 

2.  27 

12.  20 

2.  14 

2.  830 

61.  88 

432 

lfi.  73 

68.  0 

4.  13 

4.  00 

4.  19 

2,484 

69.  21 

536.  55 

24 

1  16.  8 

2.  27 

1  2.  20 

2.  14 

2,  330 

61.  88 

432 

24 

148.  40 

2.  22 

12.12 

2.  72 

2,690 

61.  88 

432 

16.  72 

67.  5 

4.  13 

4.00 

4.  19 

2,475 

69.  21 

536.  55 

12 

27.  0 

2.  37 

12.  20 

2.14 

1.427 

61.  88 

432 

19.  2 

144 

1.  9 

12.  02 

1.  08 

2,036 

24.  7 

268.  8 
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ANNEX  K 


COST  ANALYSIS  DATA 


1.  Purpose 

The  pm  pose  of  this  annex  is  to  dcscril>c  the  elements  that  com¬ 
prise  the  life-cycle  cost  of  a  landing  mat  system,  to  present  the  cost 
estimates  that  were  used  in  the  study,  and  to  describe  the  manner  in 
which  the  estimates  were  developed. 

2.  Elements  of  Life-Cycle  Cost 

As  used  in  this  study,  the  term  "life-cycle  cost  of  a  landing  mat 
system"  is  understood  to  mean  the  sum  of  all  costs  to  develop,  test, 
procure,  transport,  deploy,  and  operate  the  mat  system  for  a  specified 
life  duration;  minus  the  value  remaining  in  the  deployed  mat  system  at 
the  end  of  the  specified  life. 

Thus,  the  major  life-cycle  cost  elements  are: 

.  Research,  Development,  Test,  and  Evaluation  (RDT&E) 

Costs 

.  Investment  (Procurement)  Costs 
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.  Operating  Costs 

Transportation 

.  Producer  to  CONUS  port,  CONUS  port  to 

overseas  theater 

.  Intrnthcatcr 

Mat  /Membrane  Placement 

Maintenance 

.  Value  Remaining. 

The  rationale  nupporting  estimates  of  these  cost  elements  is 
described  below. 

2.  1  Research,  Development,  Test,  and  Evaluation  (RDT&E)  Costs 

The  development  history  of  most  dynamic  weapons  systems 
begins  with  the  perception  of  a  new  mission  or  functional  requirement. 
The  new  requirement  engenders  the  formulation  of  a  system  concept 
that  will  satisfy  the  requirement.  Normally,  the  system  concept  con¬ 
templates  some  new  blend  of  technically  feasible  features. 

In  this  type  of  development  situation,  the  major  challenge  to 
the  developer's  ingenuity  is  in  the  assembling,  blending,  and  packaging 
of  a  broad  array  of  technical  features.  Indeed,  it  is  the  new  blend  of 
features  that  is  the  essence  of  the  new  system  itself.  Implementation 
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of  the  new  blend  of  features  1*  then  the  principal  objective  and  the 
major  focus  of  effort  In  moat  weapons  system  development  programs. 

In  these  programs,  the  major  share  of  the  RDT&K  efforts  toward  im¬ 
plementation  of  the  new  blend  of  features  arc  clearly  visible  and  easily 
recognized  as  elements  of  the  system  development  program. 

Not  so  for  landing  mats.  In  landing  mat  development  programs, 
RDT&K  efforts  nnd  costs  arc  difficult  to  isolate  nnd  identify.  The 
continuing  improvement  of  mats  has  been  an  evolutionary  process. 
Frequently,  an  improved  landing  mat  emerged  as  a  by-product  of  ad¬ 
vances  in  metallurgy  (e.  g. ,  development  of  new,  harder,  and  stronger 
alloys  of  light,  soft  metals  like  aluminum  or  magnesium)  or  in  metal 
processing  techniques  (e.  g. ,  new  extrusion  presses).  In  these  instan¬ 
ces,  the  mat  development  program  may  not  have  been  precipitated  by 
a  clearly  perceived  and  explicitly  defined  new  military  requirement. 
Thus,  it  is  extremely  difficult  to  state  when  the  development  program 
actually  began,  who  conducted  it,  who  paid  for  it,  and  how  much  it 
cost. 

Nevertheless,  it  is  generally  agreed  that  both  the  mat  producer 
and  the  Government  incur  research,  development,  test,  and  evaluation 
costs  in  bringing  a  new  landing  mat  into  being.  Therefore,  an  effort 
was  made  in  this  study  to  obtain  knowledgeable  estimates  of  these  costs. 
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2.  1.  1  HAD  Costs  to  Industry 


A  survey  of  major  producers  indicates  that  a  certain  level  of 
mat  HAD  costs  have  been  borne  by  industry  which  has,  of  course,  been 
amortized  through  production  orders.  However,  these  costs  must  i>e 
included  in  the  overall  RDTAK  costs  to  the  Government.  These  are  the 
elusive  costs  referred  to  earlier,  but  a  reasonable  estimate  for  a  new 
mat  process  is  considered  to  be  $1,000,000. 

2.  1.  2  Government  HDTAK  Costs 

In  deriving  Government  RDTAK  costs,  the  development,  testing, 
and  evaluation  costs  of  a  specific  mat  system  incurred  by  WKS  were 
used.  These  costs  were  considered  to  be  typical  and  were  used  as  a 
constant  for  all  mats.  The  following  costs  are  estimated  to  be  repre¬ 
sentative  Government  RDTAK  costs  for  landing  mat  development: 


Research  and  Development  Contracts  $140,000 

Test  mat  procurement  and  modifications  $  75,000 

Testing  and  Evaluation  costs  $110,000 

Project  management  including  personnel  $  40,000 

Total  $365,000 


2.1.3  Total  IlDTAK  Coni h 


The  standard  or  constant  HI) T A 10  cost  used  in  this  study  for  nil 
mat  development  is: 


$1.  365.000 


2.2  Investment  (Procucmcnt)  Costs 


The  Woi  k  Statement  for  this  study  includes  a  requirement  that 
procurement  costs  for  landing  mat  systems  be  developed  for  five 
different  procurement  levels:  10,  25,  50,  75,  and  100  million  square 
feet.  This  requirement  resulted  from  the  assumption  that  unit  cost  of 
mats  would  decrease  with  increasing  procurement  quantities. 


The  survey  of  major  landing  mat  producers,  made  during  the 
study,  resulted  in  two  significant  findings: 


Unit  cost  of  landing  mats  will  probably  be  a  minimum 
for  a  procurement  quantity  of  10  million  square  feet. 
That  is,  increases  in  procurement  quantity  above  10 
million  square  feet  will  result  in  no  further  reduction 
of  unit  cost. 

Unit  cost  of  landing  mats  is  critically  dependent  upon 
the  fabrication  process  employed. 


These  findings  are  further  discussed  below. 
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2.  2.  1  Procurement  Levels  and  Unit  Costs 


As  noted  above,  it  was  the  consensus  of  major  mat  producers 
contacted  during  the  study  that  unit  costs  would  bottom  out  at  a  procure¬ 
ment  level  of  10  million  square  feet.  This  conclusion  results  from  the 
following  facts: 


Limited  production  capacity  of  the  various  producers 
operating  under  delivery  time  limitations  would  restrict 
the  volume  produced 

The  cost  of  raw  materials  and  processing  are  such  that 
the  minimum  profitable  unit  cost  is  reached  at  approxi¬ 
mately  10  million  square  feet. 

Should  the  Government  desire  volumes  in  excess  of 
10  million  square  feet,  e.  g.  50  million  square  feet 
under  a  time  constraint,  it  would  be  necessary  to 
contract  with  multiple  producers.  Each  of  the  pro¬ 
ducers  would  thus  be  constrained  to  approximately 
the  same  minimum  unit  cost. 


Thus,  in  the  cost-effectiveness  evaluation,  procurement  cost  estimates 
were  based  on  landing  mat  unit  costs  for  procurement  quantities  of 
10  million  square  feet. 

2.  2.  2  Impact  of  Fabrication  Process  Upon  Unit  Costs 

The  survey  of  major  mat  producers  identified  several  significant 
facts  concerning  the  impact  of  fabrication  process  on  landing  mat  unit 
costs: 
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Unit  costs  of  aluminum  mats  produced  through  extrusion 
presses  increase  as  the  weight  per  square  foot  of  the 
mat  decreases.  This  results  from  the  fact  that  the  cost 
of  the  extruded  product  is  measured  in  terms  of  the 
tonnage  processed  through  the  extrusion  presses. 
Presses  of  this  size  and  type  are  limited  in  number 
and  are  leased  at  a  high  cost;  thus,  the  efficiency  of 
usage  is  measured  in  the  amount  of  metal  processed. 
Also,  as  the  extruded  item  becomes  more  refined,  and 
precisely  tooled  such  as  a  light  weight  mat  may  require, 
the  quality  control  problem  is  increased. 

Unit  costs  of  honeycomb  or  sandwich  type  mats  decrease 
as  the  weight  per  square  foot  of  the  mat  decreases.  This 
results  from  the  fact  that  a  standard  multistep  process  is 
involved  in  the  fabrication  of  the  mats  with  the  major 
variable  being  the  metal  content  of  the  mat  which  is  con¬ 
trolled  by  skin  and  edge  thickness  and  density  of  the 
honeycombed  material.  Thus,  a  decrease  in  metal  con¬ 
tent  will  result  in  a  lower  unit  cost. 


Exhibit  E-l,  following  this  page,  displays  the  unit  costs  of  both 
extruded  and  sandwich  type  landing  mats.  For  mats  requiring  mem¬ 
brane  underlay  for  waterproofing,  the  unit  costs  of  membrane  are 
shown  also.  These  latter  costs  assume  the  use  of  type  T-16  mem¬ 
branes.  Unit  costs  of  mats  with  integral  waterproofing  include  the 
costs  of  water  seals.  All  of  the  unit  costs  displayed  assume  a  pro¬ 
curement  quantity  of  10  million  square  feet. 

Since  ancillary  items  required  for  the  installation  of  landing  mats 
are  essentially  common  to  all  mat  types  and  duty  classes,  the  costs  of 
these  items  have  no  significance  in  a  comparison  of  costs  among  various 
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EXHIBIT  K-l 
Unit  Costs  of  Landing 
Mat  Systems 


Cost  ($  per  Square 

Foot) 

Mat 

Extruded 

Sandwich 

Average 

Heavy  duty  mat 

Membrane 

3.00 

.21 

3.  85 
.  21 

3.43 
.  21 

Total 

3.  21 

4.06 

3.  64 

Heavy  duty  mat 
w/ waterproofing 

3.  21 

4.06 

3.  64 

Medium  duty  mat 

Membrane 

3.30 

.21 

3.  50 
_^A 

3.40 

.21 

Total 

_ 3  ..51  .... 

. 3.  71  •• 

3.  6S- 

Medium  duty  mat 
w/ waterproofing 

3.  51 

3.  71 

3.  61 

Light  duty  mat 

Membrane 

3.  63 
.  21 

3.  15 
.  21 

3.39 
.  21 

Total 

3.  84 

3.  36 

3.60 

Light  duty  mat 
w/ waterproofing 

3.  84 

3.  36 

3.60 
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types  and  classes  of  mats  and  are  not  included  in  the  figures  of 
Exhibit  E-l. 

In  exercising  the  Life-Cycle  Cost  portion  of  the  Landing  Mat 
Evaluation  model  (described  in  Annex  F),  the  following  ground  rules 
were  employed: 

.  Sandwich  mat  unit  costs  were  used  to  determine  procure¬ 
ment  costs  of  the  XM-19  and  the  Goodyear  bonded  mats 

.  Extruded  mat  unit  costs  were  used  to  determine  procure¬ 
ment  costs  of  the  Truss  Web,  XM-20,  XM-18,  AM-2,  and 
Harvey  light  weight  mats. 

Owing  to  the  fact  that  the  fabrication  process  that  will  be  employed  to 
produce  a  new  series  of  mats  to  meet  the  QMR  requirements  is  not 
now  known,  procurement  costs  of  the  hypothetical  QMR  mats  of  this 
study  were  developed  using  the  average  unit  costs  shown  in  Exhibit  E-l. 

2.  3  Operating  Costs 

Operating  costs  as  defined  for  this  study  are  those  costs  incurred 
in  the  construction  of  specified  airfields  in  a  theater  of  operations  in¬ 
cluding  the  transportation,  handling,  deployment  and  maintenance  of 
landing  mat  systems  in  the  foreign  theater  of  operations. 
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2.  3.  1  Transportation  Costs 


Transportation  costs  of  interest  in  the  study  included  the  cost 
of: 


Transport  of  mat  system  material  from  a  CONUS  port 
to  an  overseas  theater 

Intratheatcr  transport  of  mat  system  material  to  the 
points  of  use. 


Costs  for  shipment,  within  CON  _JS,  from  the  producer's  plant  to  the 
CONUS  port  are  assumed  to  be  included  in  the  unit  procurement  cost 
figures. 


2.  3.  1.  1  Transportation  Cost  From  CONUS  Ports  to  Overseas  Theaters 

For  costing  purposes,  it  has  been  assumed  that  all  mat  and 
membrane  shipments  from  CONUS  toovccecas  theater- -will  bc-accom.-.  . 
plished  by  surface  transportation  means.  Data  received  from  Head¬ 
quarters,  Military  Traffic  Management  and  Terminal  Service  (MTMTS) 
indicates  that  handling  charges  for  metal  products  at  CONUS  ports  will 
amount  to  $22.  50  per  measurement  ton.  The  Military  Sea  Transport 
Service  (MSTS)  costs  similar  cargo  at  $32.  30  per  measurement  ton 
from  the  West  Coast  of  CONUS  to  Southeast  Asia.  Since  the  study  has 
postulated  a  theater  of  operations  which  is  8,  000  miles  from  CONUS, 
these  figures  were  used  to  determine  the  overseas  shipping  costs. 
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The  total  overseas  shipping  costs  for  mat  systems  was  deter¬ 
mined  to  l>e  $54.  80  per  measurement  ton  (handling  cost.  $22.50  plus 
shipping  costs,  $32.  30). 

For  study  purposes,  it  was  considered  desirable  to  convert  the 
cost  per  measurement  ton  to  cost  per  short  ton  (2,000  lbs.  ).  The 
average  cubic  footage  and  weight  per  bundle  of  the  various  mats  cur¬ 
rently  in  production  is  64.  3  cubic  feet  at  2,548  pounds.  To  determine 
the  weight  of  a  measurement  ton  of  40  cubic  feet  of  mat  material: 

..  40  ft.  3/mcas.  ton  x  2548  lbs. /bundle  ,, 

X  =  -  =  1585  lbs.  /meas.  ton 

64.  3  ft.  3 /bundle 

Since  $54.  80  has  been  determined  as  the  cost  for  a  measurement 
ton  or  1585  pounds  of  mat  material,  the  cost  for  2000  pounds  was  devel¬ 
oped. 


Y 


$54.  80/meas.  ton  x  2000  lbs,  /short  ton 
1585  lbs.  /meas.  ton 


$69.  15  per  short  ton 


Thus,  the  cost  to  ship  a  short  ton  from  CONUS  to  the  overseas 
theater  (CONUS  to  SEA)  by  surface  transportation  is  $69.  15  per  ton. 


2.  3. 1.  2  Intratheater  Transportation  Cost 

The  transportation  means  used  to  transfer  surfacing  materials 
(mats  and  membranes)  to  construction  sites  within  the  theater  of 
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operation#  will  depend  upon  the  geographical  environment,  t he  urgency 
of  the  requirement,  transportation  means  available,  and  the  enemy 
situation.  The  study  assumes  the  availability  of  surface  transportation 
in  the  form  of  5-ton  cargo  trucks  and  air  transportation  using  Army 
CII-47  helicopters  or  t  SAF  C-130  cargo  aircraft. 

It  is  also  assumed  that  the  theater  of  operations  is  located  in  a 
relatively  underdeveloped  geographic  area  in  which  few,  if  any,  perm¬ 
anently  surfaced  airfields  exist  and  surface  lines  of  communication  arc 
limited.  Potential  enemy  interdiction  of  the  road  network  would  require 
the  deployment  of  major  combat  units  to  insure  reliable  traffic  flow. 

Consequently,  it  is  assumed  that  air  lines  of  communications  will 
be  used  to  transfer  mats  within  the  theater  and  the  cost  of  such  trans¬ 
portation  will  be  used  in  the  study. 

..... 

The  cost  of  moving  cargo  by  three  modes  of  transportation; 

5-ton  cargo  trucks,  C-130  aircraft,  and  CH-47  aircra  t;  is  shown 
below.  In  each  case,  a  200  mile  round  trip  from  pickup  point  to  con¬ 
struction  site  is  assumed.  The  per  ton  cost  of  intratheater  transport 
was  determined  for  the  three  methods  of  transport  using  the  formulae 
of  Exhibit  E-2,  following  this  page. 
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EXHIBIT  E-Z 

Formula  and  Data  for  Calculation 
of  tntrathcatcr  Transport  Costs 


Formula: 


C  I  T 


Toe  \  C VO 
~60  )  *  Pv 


Where: 

Cit  =  Intratheater  transport  cost  ($/ton) 

D  =  Average  intratheatcr  round  trip  transport 

distance  (miles) 

S  =  Vehicle  speed  (miles/hour) 

Tol  =  Off  loading  time  (minutes) 

Cvo  =  Vehicle  hoirly  operating  cost  ($/hour) 

Pv  =  Vehicle  payload  in  tons 


Data: 


D 

S 

Tol 

Cvo 

Pv 

C  IT 

5 -ton  truck 

200 

20 

30 

1.  8 

5 

$  18 

CH-47 

200 

75 

30 

606 

5 

$384 

C-130 

200 

200 

30 

790 

15 

$  79 

1  For  the  CH-47  and  C-130  aircraft,  these  data  were  taken  from 

COMUSARV  Study  "Cost-Effectiveness  Analysis  of  the  XM-19 
Landing  Mat  for  C-130  Airfields  in  RVN.  "  For  the  5-ton  truck, 
the  data  were  derived  from  the  Cost  Analysis  Office,  HQ, 

AMC,  based  on  data  from  the  REVAL  Wheels  Study. 
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From  the  formula  and  data  of  Exhibit  F-2,  it  Ih  apparent  that 
the  per  ton  cost  of  intrathcater  transport  by  the  various  modes  of 
transportation  arc: 

.  5-ton  truck  $lH/ton 

.  C-130  aircraft  $79/ton 

.  CH-47  aircraft  $384/ton. 

To  provide  a  valid  basis  for  comparison  of  the  various  candidate 
landing  mat  systems  in  the  cost-effectiveness  analysis  of  this  study, 
the  C-130  intratheater  transport  cost  was  used  throughout  the  analysis. 

2.  3.  2  Mat/ Membrane  Placement  Costs 

In  the  life-cycle  cost  calculations  of  this  study,  mat/membrane 
placement  cos',  of  each  airfield  is  determined  from  the  equation: 

•  4  •  ••  ••  •  <1  •«  •  •  •<  >  ••  •  «  •  •  %  •«•••  «•••  «  »•»  •-  M  •  •• 

A 

Placement  Cost  =  x  C  l 

K  p 

Where: 

Rp  =  mat  (or  membrane)  placement  rate  (square  feet/ 
man  hour) 

Cl  =  labor  cost  of  placement  crew  ($/man  hour) 

A  f  -  area  of  the  airfield  (square  feet). 


E-14 


Hourly  labor  costs  used  in  the  study  were  derived  from  the  Army 
CohI  Handbook  (Comptroller  of  the  Army)  for  TOE  5-118G,  Engineer 
Company.  Construction,  which  is  organic  to  TOE  5-115G,  Engineer 
Battalion,  Construction.  The  battalion  annual  cost  in  the  Republic 
of  Vietnam  is  estimated  at  $10,364,000.  This  includes  Procurement 
of  Equipment  and  Missile,  Army  (PEMA),  Operations  and  Maintenance, 
Army  (O&MA))  and  Military  Personnel,  Army  (MPA)  appropriated 
funds. 


Based  upon  a  strength  of  935  officers  and  men,  a  12-hour  work¬ 
ing  day  and  a  30-day  working  month,  the  following  computations  were 
made. 


Total  Annual  Cost 
Strength 


Annual  cost  per  person 


$  10,-3*47  outr - 

935 


$11,085 


Annual  cost  per  person  „  . 

— - — - c c -  =  Hourly  cost  per  person 

Annual  hours  per  person 


-  $11,085 

4320 


$2.57 


As  a  result  of  the  above  data,  costs  for  an  engineer  construction 
battalion  laying,  maintaining,  or  picking  up  mats  and  membranes  were 
estimated  at  $2.57  per  man  hour. 
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The  mat  and  membrane  placement  rates  that  were  lined  in  these 
calculations  were  presented  in  Annex  1). 

2.  3.  3  Cost  for  the  Maintenance  of  Airfield  Surfaces 

In  developing  the  maintenance  cost  estimates  of  the  study,  it  is 
assumed  that  10%  of  the  mats  on  an  airfield  will  be  replaced  during  the 
airfield's  operational  life.  As  used  here,  the  term  operational  life 
describes  the  time  from  initial  placement  of  the  airfield  to  failure. 
Failure  is  presumed  to  occur  when  the  aggregate  of  cover. igcs  applied 
equals  the  coverage  capability  of  the  surface.  (The  calculation  of 
airfield  life  is  further  described  in  Annex  F.  ) 

During  the  airfield's  operational  life,  the  monthly  maintenance 
cost  (Cm^  is  calculated  from  the  equation: 

.  ...  ^  *JQJC.pLi  .Cri)  t-£cu.*.C«r  .  .  - . . — . 

Lmm  '  ^ 

Where: 

Cpi  =  initial  procurement  cost  of  the  mats  on  the  airfield 
Cri  ~  initial  transportation  cost  of  the  mats  on  the  airfield 

Cpu  =  labor  cot.t  to  pick  up  10%  of  the  airfield  surface 

Cre  =  labor  cost  to  relay  10%  of  the  airfield  surface 

L  =  airfield's  operational  life  in  months. 
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2.  3.  4  Value  Remaining 


Elsewhere  In  thin  report,  it  is  explained  that  the  cost-effectiveness 
of  various  candidate  landing  mat  systems  was  evaluated  against  an  expe¬ 
dient  surfacing  mission  requirement  of  specified  duration.  Some  candi¬ 
date  landing  mat  systems  failed  before  reaching  the  end  of  the  mission 
duration,  while  others  survived  beyond  it. 


To  provide  a  means  for  discriminating  between  short-lived  and 
long-lived  systems  in  the  life-cycle  cost  calculations,  the  concept  of 
"value  remaining"  was  introduced. 


"Value  remaining"  wa3  defined  as  the  cost  of  the  u.iconsumed 
operational  life  of  an  airfield  at  the  end  of  the  specified  mission  dura 
tion.  It  was  calculated  as: 


Value  Remaining 


-p  i 


X  - ; -  -  Cp 


u  i 


Where: 

Cpo  =  procurement  cost  of  outer  2/3  of  airfield's  mats 

Cpuo  *  labor  cost  to  pick  up  outer  2/3  of  airfield's  mats 

Cpi  =  procurement  cost  of  inner  1/3  of  airfield's  mats 

Cpui  =  labor  cost  to  pick  up  inner  1/3  of  airfield's  mats 

Dm  =  mission  duration 

L  =  airfield  life. 
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In  making  the  value  remaining  calculation,  the  salvage  value  of 
the  metal  In  dissipated  mats  (which  is  small  relative  to  other  terms 
in  the  above  equation)  was  taken  as  negligible. 


ANNEX  F 


THE  LANDING  MAT  EVALUATION  MODEL 


1.  Purpose 

The  purpose  of  thic  annex  is  to  describe  the  Landing  Mat 
Evaluation  Model  developed  for  this  study.  The  description  proceeds 
from  an  overview  of  the  model  to  a  detailed  presentation  of  the  ele¬ 
ments  of  each  of  the  major  submodels.  To  ease  the  burden  of  calcula¬ 
tion,  the  equations  which  make  up  the  Landing  Mat  Evaluation  Model 
were  translated  into  a  simple  computer  program.  In  the  interests  of 
clarity,  the  details  of  the  computer  program  are  not  included  here,  but 
a  complete  listing  of  the  computer  program  is  included  as  Annex  H. 

2.  Overview 

. . 

The  Landing  Mat  Evaluation  Model  is  really  two  models  which 
may  be  used  independently.  The  first,  a  Performance  submodel,  is 
a  tool  which  accepts  data  describing  mat  design  characteristics  and 
details  of  operational  environment  and  from  these  computes  mat  life. 
The  second,  a  Life -Cycle  Cost  submodel,  is  a  tool  which  accepts  data 
describing  a  given  landing  mat  system,  details  of  operational  environ¬ 
ment,  and  the  life  of  an  individual  mat  in  its  operational  environment; 
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and  from  these  computes  total  life-cycle  cost  of  the  given  landing  mat 
system.  Exhibit  F-l,  following  this  page,  is  a  pictorial  representation 
of  the  Landing  Mat  Evaluation  Model. 

Although  the  submodels  may  be  operated  independently,  it  is 
more  convenient  to  discuss  the  Landing  Mat  Evaluation  Model  as  a 
single  entity  which  accepts  input  information,  processes  it,  and  pro¬ 
duces  life-cycle  cost  of  candidate  mixes  as  output.  Exhibit  F-2, 
following  this  page,  presents  a  complete  list  of  the  input  information 
required  by  the  Landing  Mat  Evaluation  Model.  The  description  of  the 
two  major  submodels  in  the  next  two  sections  presents  the  details  of 
how  the  input  information  is  processed  to  produce  the  life-cycle  costs 
for  each  candidate  landing  mat  system. 

3.  Performance  Submodel 


The  Performance  submodel  can  calculate  the  operational  l\fe  of 
landing  mat  systems  under  varying  specifications  of: 


Traffic  loads 
Soil  strength  (CBR) 
Mat  types. 


The  Performance  submodel  uses  traffic  data,  aircraft  character¬ 
istics,  mat  characteristics,  theater  definition,  and  mat  system  descrip¬ 
tion  to  calculate  the  life  of  an  airfield  surfaced  with  a  given  type  mat. 
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EXHIBIT  F-2 


DEFINITION  OF  INPUTS  TO  THE  MODEL 


THEATER  OF  OPERATION  INPUTS 


Field  Characteristics 
TYPES 
TYP  [F] 

AREA  [F] 

DIST  [F] 

NUM  [F] 

CBR  [F] 

Craft  Characteristics 
CNO 

ESWL  [C] 

TP  [C] 

TCA  [C] 

CPS  [C] 
Traffic  Data 

SPM  [C.F] 


Total  types  of  fields 

Type  of  field  (TACF,  HLF,  MLF,  LLF) 

2 

Area  of  field  type  F  in  ft. 

Intratheater  shipping  distance  in  miles 
to  field  type  F 

Number  field  of  each  type 

CBR  on  field  type  F 


Number  of  craft  in  inventory  to  be 
considered 

Equivalent  single  wbv'  ?  load  in  lb. 
for  craft  C 

Tire  pressure  in  psi 

Tire  contact  area  in  sq.  in. 

Coverages  per  sortie  by  craft  C 


Expected  number  of  sorties  per  month 
of  craft  type  C  on  field  type  F. 
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EXHIBIT  F-2  (Cont.  ) 


MAT  SYSTEM  DESCRIPTION 

MATYPE  Number  of  the  types  of  mats 

MAT  TtYP  [f]s1  Identification  of  the  type  of  mat  to  be  laid 

on  field  type  F  for  mix  identified  as  S 

FSYS  Required  life  of  T.  O.  surface  with  the 

given  mix  in  month. 

MAT  &  MEMBRANE  CHARACTERISTICS 
Technical  Characteristics 


WT  [M] 

Mat  weight  in  lb.  /sq.  ft. 

ME  MW  [M] 

Membrane  weight  in  lb.  /sq.  ft. 

PLR  [M] 

Mat  placement  rate  in  sq.  ft.  /man-hour 

MEMP  [M] 

Membrane  placement  rate  in  sq.  ft.  / 
man-hour 

PACS  [M] 

Bundle  size  of  the  mat  in  cu.  ft. 

PACN  [M] 

Number  of  mats  in  a  bundle 

PACW  [M] 

Weight  of  one  bundle  of  mats  in  lb. 

Cost  Characteristics 

COST  [M] 

Unit  purchase  price  of  the  mat  in 
$/sq.  ft. 

RDC  [M] 

R&D  cost  assigned  to  unit  mat  in 
$/sq.  ft. 

ACC  [M] 

Cost  of  accessories  with  a  mat  bundle 
in  $/pack 
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EXHIBIT  F-2  (Cont.  ) 


MEMC  [m]  Unit  purchase  price  of  the  membrane 

in  $/sq.  ft. 


Support  System  Inputs 


SCPT 

Overseas  shipping  cost  in  $/ton 

MHRC 

Man-hour  cost  in  $/man-hour 

SPEED 

Speed  of  intratheater  shipping  vehicle 
(Helicopter,  truck,  etc. )  in  mph. 

ITHSR 

Intratheatrr  shipping  vehicle  hourly 
rates  in  $/hour 

PAY 

Intratheater  vehicle  payload  in  lb. 

F  -  6 


A  flow  diagram  showing  the  calculation  steps  of  the  model  is  presented 
as  Exhibit  F-3,  following  this  page.  Calculation  steps  are: 

.  Traffic  data  conversion 

.  Coverage  capability  calculation 

.  Mat  life  calculation. 

These  calculations  are  described  in  detail  in  the  paragraphs  below. 

3.  1  Traffic  Data  Conversion 


The  first  function  of  the  Performance  submodel  is  to  convert 
traffic  load  data  from  monthly  sortie  rate  for  each  aircraft  type  on 
each  airfield  to  coverages  per  month.  One  landing  and  one  takeoff 
cycle  is  called  a  sortie.  Coverages  per  month  are  computed  as  the 
product  of  sorties  per  month  times  a  coverage  per  sortie  factor. 
Coverages  factors  for  some  selected  aircraft  types  are  given  below:"' 


Aircraft 


Coverage  per  Sortie  Factor 


F-111B 
F-4C 
C-130 
F-111A 
C- 123 
C-7A 
C- 141 
C-5A 


0.  190 
0.  140 
0.454 
0.  190 
0.  192 
0.  224 
0.  458 
0.  722 


These  factors  were  derived  from  the  following  WES  formula: 


Operations /Coverage 


40  wander  +  tire  width  +  wheel  spacing 
.  75  x  tire  width  x  number  of  tires 


PERFORMANCE  SUBMODEL 


EXHIBIT  F-3 
Performance  Submodel 
Flowchart 
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Coverages  per  month  define  the  operational  loading  the  mat 
sustains, 

3.  2  Coverage  Capability  Calculation 

The  calculation  of  how  many  coverages  (by  an  aircraft  with  given 
loading  characteristics)  a  mat  can  sustain  is  approached  by  first  noting 
that  there  exists  an  empirically  derived  formula  which  relates  thickness 
of  flexible  pavement  to  capacity  to  sustain  coverages  (i.  e.  coverage 
capability).  This  formula  and  the  concept  of  equivalent  thickness  make 
possible  the  desired  calculation.  The  equivalent  thickness  concept 
assumes  that  a  landing  mat  is  equivalent  in  load  carrying  capability  to 
some  thickness  of  flexible  pavement  structure.  To  calculate  coverage 
capability,  this  equivalent  thickness  is  substituted  in  the  flexible  pave¬ 
ment  formula. 

3.  2.  1  Equivalent  Thickness 

Equivalent  thickness  of  each  mat  for  a  given  aircraft  is  deter¬ 
mined  by  using  a  set  of  empirical  curves.  Exhibits  F-4,  F-5,  and  F-6 
show  the  equivalent  thickness  curves  for  heavy,  medium,  and  light  duty 
mats  respectively. 


F  -  9 


THICKNESS  REDUCTION  (INCHES) 


EXHIBIT  F-4 
QMR  Requirement  For 
Heavy  Duty  Mat 


F 


10 


EXHIBIT  F-5 
QMR  Requirement  For 
Medium  Duty  Mat 


THICKNESS  REDUCTION  (INCHES) 


EXHIBIT  F-6 
QMR  Requirement  For 
Light  Duty  Mat 


SINGLE  OR  EQUIVALENT-SINGLE  WHEEL  LOAD  (KIPS) 
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The  computer  program  uses  an  extrapolation  and  interpolation 
subroutine  to  determine  equivalent  thickness  for  an  aircraft  of  a  given 
equivalent  single  wheel  load  and  tire  pressure.  The  equivalent  single 
wheel  load  is  the  load  on  a  single  tire  with  characteristics  equivalent 
to  one  tire  of  the  assembly,  which  will  produce  the  st  me  effect  on  a 
mat  as  the  total  assembly. 


3.  2.  2  Coverage  Capability 


Equivalent  thickness  determined  previously  for  each  aircraft 
and  mat  combination  is  substituted  in  the  flexible  pavement  formula 
to  compute  the  number  of  coverages  that  could  be  sustained  by  each 
mat.  The  flexible  pavement  formula*  is: 


C  =  10  Exp 


<1 


4. 348t 


8.  1  CBR 


II 


_  0.653 


Where: 


C  =  Coverages  that  the  mat  can  sustain 

t  =  Equivalent  thickness  (inches) 

P  =  Equivalent  single  wheel  load  (pounds) 

CBR  =  Soil  strength  (California  Bearing  Ratio) 
A  =  Tire  contact  area  (square  inches). 


This  formula  was  taken  from  a  memorandum  dated  8  January 
1970,  issued  by  the  Acting  Chief,  Flexible  Pavement  Branch,  WES. 
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3.  3  Mat  Life  Calculation 


The  airfield  mission  requirements  (stated  in  terms  of  the  number 
of  coverages  that  will  be  applied  to  the  field  by  the  aircraft  that  will 
land  and  take  off  from  the  field  each  month)  and  coverage  capability 
are  used  to  calculate  mat  life  on  the  field.  The  equation  used  is: 


LIFE 

M  F 


(CPM  /CC  ) 

C  F  M  C 


Where: 


LIFE  =  Life  of  the  mat  M  on  field  type  F  (months) 

M  F 

CPM  =  Number  of  coverages  applied  to  airfield  F 

each  month  by  aircraft  type  C 


M  C 


Number  of  coverages  by  aircraft  type  C  that 
can  be  sustained  by  mat  type  M. 


The  term  (CPMcf  /  CCmc)  is  the  wear  sustained  by  the  expedient 
surface  during  one  month,  which  is  summed  ever  the  total  number  of 
aircraft  to  give  aggregate  wear  in  a  month.  The  reciprocal  of  aggre¬ 
gate  wear  gives  the  life  of  the  expedient  surface  on  a  given  field  in 
months. 


F  -  14 


The  major  assumptions  of  the  performance  submodel  are: 


Maximum  wheel  braking  or  locked  wheel  braking  imposes 
impact  loading  throughout  the  length  of  the  runway  and 
damages  the  runway  surfacing  two  to  three  times  more 
severaly  than  normal  touchdown  and  roll  out.  It  has  been 
assumed  that  the  number  of  landings  with  locked-wheel 
will  be  so  small  that  their  overall  effect  will  be  insigni¬ 
ficant  during  the  life  of  the  system. 

Since  the  wear  factor  of  some  aircraft  on  mats  is 
insignificant  and  the  mat  will  last  indefinitely,  a  maxi¬ 
mum  figure  of  25,000  coverages  was  established  to 
permit  quantification  of  results. 


4.  Life -Cycle  Cost  Submodel 


The  Life-Cycle  Cost  submodel  computes  the  life-cycle  cost  of 
surfacing  a  theater  of  operation  for  a  given  mission  life  and  theater 
air  traffic  loading.  Life-cycle  cost  of  the  landing  mat  system  is  com¬ 
posed  of  the  following  basic  cost  elements: 


.  Research  and  Development  Cost 

.  Procurement  Cost 

.  Transportation  Cost 

.  Placement  Cost 

.  Maintenance  Cost 

.  Replacement  Cost 

.  Salvage  Value. 


The  life-cycle  cost  of  a  candidate  system  is  the  algebraic  sum  of  its 
cost  in  the  seven  categories  above.  In  the  following  sections,  the 
estimating  procedures  which  comprise  the  Life-Cycle  Cost  submodel 
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are  presented.  Exhibit  F-7,  following  this  page,  is  a  pictorial  repre¬ 
sentation  of  this  submodel. 

4.  1  Research  and  Development  Cost 

The  Research  and  Development  Cost  reflects  production  engi¬ 
neering  and  production  costs  of  the  test  mats,  as  well  as  costs  incurred 
at  WES  and  TECOM  for  functions  such  as  WES  engineering  support, 
testing  by  Army  and  contractual  agencies,  evaluation,  pub1_: 
and  training. 

The  R&D  cost  input  to  the  model  is  considered  to  be  a  nstant 
as  discussed  in  Annex  E.  The  R&D  cost  for  each  hypothetical  landing 
mat  system  is  1.  35  million.  In  evaluating  the  existing  mats,  the  R&D 
cost  is  assumed  to  be  a  sunk  cost. 

4.  2  Procurement  Cost 

Procurement  Cost,  as  described  in  Annex  E,  is  input  to  the  model 
as  unit  procurement  cost  in  dollars  per  square  foot. 

Procurement  Cost  =  Unit  purchase  price  x  area  of  the  field. 

Quantity  purchase  discounts,  price  reductions  due  to  learning  and 
inventory  handling  costs  are  reflected  in  the  unit  purchase  price  of  the 
mats. 
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I.IFE  CYCLE  COST  SU8MOOEL 


EXHIBIT  F-7 
Life  Cycle  Cost  Submodel 
Flowchart 

- 1 
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4.  3  Transportation  Cost 


Transportation  Cost  includes  shipping  cost  to  theater  (from 
continental  United  States  to  communication  zone)  and  shipping  cost 
within  the  theater.  The  first  step  in  the  transportation  cost  computa¬ 
tion  is  the  calculation  of  weight  of  mats  and  membrane  required  by 
each  field. 

Where: 


Total  weight  of  mat  and  =  Area  of  the  field  x  (weight  per 
membrane  for  a  field  square  foot  of  mat  +  weight  per 

square  foot  of  membrane) 


The  overseas  shipment  cost  is  calculated  by  multiplying  total 
weight  of  mat  and  membrane  by  overseas  shipment  cost  per  ton  as 
explained  in  Annex  E. 


Intratheater  shipping  costs  are  determined  by  multiplying  the 
number  of  intratheater  vehicle  trips  by  total  time  reauired  for  each 
trip  and  cost  per  hour  for  the  vehicle. 


Number  of  trips  required  r  mat  and  membrane  wt.  (lbs.  ) 
to  deliver  vehicle  capacity  (lbs.  per  trip) 


Trip  time  -  (Distance  to  theater/speed)  + 

loading  and  unloading  time 
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Intratheater  shipping  cost  =  Trip  time  x  number  of  trips  to 

deliver  x  vehicle  cost  per  hour. 

The  delivery  vehicle  used  for  intratheater  shipment  may  be  a  helicopter, 
truck,  or  aircraft  (C-130). 


4.  4  Placement  Cost 


Total  Placement  Cost  is  composed  of  labor  cost  and  construction 
equipment  cost.  Labor  and  equipment  costs  are  determined  by  dividing 
the  airfield  area  by  the  placement  rate  (i.  e.  ,  sq.  ft.  /  man-hour)  and 
multiplying  by  cost  per  man-hour.  The  cost  of  an  engineer  construction 
company  (TOE  5-118),  as  described  in  Annex  E,  was  used  as  input  data. 


The  total  placement  cost  can  be  expressed  as  the  sum  of  labor 
and  equipment  cost  for  placing  mat  and  membrane. 

PLC  (F)  = 

Where: 


(MHRC  +  EHRC)  x 


AREA  (F)  ,  AREA  (F) 


PLR  (M)  MEMP  (M) 


MHRC 

EHRC 

AREA (F)  = 

PLR  (M) 
MEMP  (M)  = 


Average  labor  cost  per  man-hour 

Average  construction  equipment  cost  per  hour 

Area  of  the  field  in  sq.  ft. 

Mat  placement  rate  in  sq.  ft.  /man-hour 
Membrane  placement  rate  in  sq.  ft.  /man-hour. 
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Construction  crew  security  force,  clearing,  grading,  and  soil 
preparations  are  essential  to  all  fields;  therefore,  costs  of  these  are 
common  to  all  mat  systems  and  are  not  included  in  the  cost  model. 


4.  5  Maintenance  Cost 


Maintenance  cost  is  the  maintenance  labor  cost  plus  the  cost  of 
supplies.  For  this  model,  a  uniform  maintenance  policy  providing 
corrective  actions  only  at  the  time  of  breakdown  hac  been  used. 
Therefore: 


Total  Maintenance  Cost 


LIF  SYS 
MTBF  X 


(ALCPF  +  ASCPF) 


Where: 
LIF  SYS 
MTBF 
ALCPF 
ASCPF 


Syst<  m  life  in  months 
Mean  time  between  failure 
Average  labor  cost  per  failure 
Average  supply  cost  per  failure. 


To  meet  the  QMR  requirement,  a  mat  should  be  capable  of  withstand¬ 
ing  required  coverages  and  load  with  a  maximum  of  10%  replacement. 
Therefore,  maintenance  cost  during  full  life  of  an  expedient  surface 
airfield  is  the  cost  of  replacing  10%  of  the  surface.  This  cost  of 
replacement  is  assumed  to  be  distributed  uniformly  over  the  lifetime 
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of  the  airfield.  Therefore,  for  the  purpose  of  evaluation  of  hypothetical 
mats,  the  maintenance  cost  for  an  airfield  of  a  given  life  is: 

Maintenance  Cost  =  Cost  of  replacing  10%  of  the  mats 

Required  life  of  the  field 
Life  expectancy  of  the  mat 

If  corrective  maintenance  data  for  the  existing  mats  are  avail¬ 
able,  they  can  be  used  instead  of  the  procedure  described  above. 

4.  6  Replacement  Cost 

If  a  mat  on  a  field  does  not  last  as  long  as  the  required  life  of  the 
field,  the  mat  is  replaced  by  a  new  mat.  The  study  assumes  the  air¬ 
field  to  have  failed  when  one -third  of  the  surfacing  has  failed.  The 
number  of  times  a  particular  mat  must  be  replaced  in  the  course  of 
required  airfield  life  was  established  by  taking  a  ratio  of  the  required 
airfield  life  to  the  life  of  the  mat.  Three  cost  factors  were  estimated 
for  each  replacement: 

.  Procurement  cost 

.  Transportation  cost 

.  Placement  cost. 

The  compute  lions  for  replacement  cost  are  the  same  as  those  for 
original  placement  except  the  membranes  used  under  mats  do  not  usually 
fail;  therefore,  replacement  cost  for  membrane  has  not  been  included 
in  the  replacement  costs. 
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4.  7  Value  Remaining 


When  an  expedient  surface  airfield  fails,  approximately  67%  of 
the  emplaced  mat  can  be  revovered  in  reusable  condition.  In  addition 
to  the  67%  value,  the  salvage  value  of  the  other  33%  is  considered. 

When  the  life  expectancy  of  a  mat  exceeds  the  required  life  of  the  field, 
a  salvage  value  of  the  center  one-third  of  the  mat  is  computed.  The 
procurement  cost  of  one -third  of  the  mat  is  computed.  The  procurement 
cost  of  one-third  of  the  field  is  amortized  by  multiplying  it  by  the  ratio 
of  the  mat  life  remaining  io  the  total  life  expectancy.  From  this  amor¬ 
tized  cost,  the  cost  of  picking  up  the  mats  is  subtracted  to  give  salvage 
value. 


Value  Remaining  = 

Procurement  Cost  x  T.67  +  *  Life  Remaining  "I  _  pick  Cost 

'  Total  Life  Expectancy 

The  sum  of  placement  cost  and  intratheater  shipment  cost  is 
adopted  as  an  average  figure  for  pickup  cost.  Salvage  value  of  the  mem¬ 
brane  is  assumed  negligible. 
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ANNEX  G 


SUMMARY  OF  MODEL  INPUT  DATA 
AND  RESULTS  OF  MODEL  EXERCISES 


1.  Purpose 

The  purpose  of  this  annex  is  to  present  a  summary  of  the  input 
data  used  in  exercising  the  Landing  Mat  Evaluation  Model,  and  to  pre¬ 
sent  the  results  of  the  exercises. 

2.  Summary  of  Model  Input  Data 

Development  of  model  input  data  used  in  the  study  was  discussed 
earlier  in  Annexes  C,  D,  and  E.  This  annex  contains  a  consolidated 
summary  of  the  input  data  actually  used  in  the  model  exercises.  It  is 
presented  in  9  exhibits  as  follows: 


Exhibit  G-l 

Aircraft  Traffic  Load 

Exhibit  G-2  - 

Aircraft  Characteristics 

Exhibit  G-3 

Landing  Mat  Characteristics  - 

Hypothetical  Extruded  Mats 

Exhibit  G-4 

Landing  Mat  Characteristics  - 

Hypothetical  Sandwich  Mats 

Exhibit  G-5 

Landing  Mat  Characteristics  - 

Hypothetical  Average  Mats 
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Exhibit  G-6 

Exhibit  G-7 
Exhibit  G-8 

Exhibit  G-9 


Landing  Mat  Characteristics  - 
Existing  Mats 

Airfield  Data 

Coverage  Capability  of  Hypothetical 
QMR  Mats 

Coverage  Capability  of  Existing 
Mats. 


3.  Results  of  Landing  Mat  Life  Calculations 

As  described  earlier  in  Annex  F.  the  Landing  Mat  Evaluation 
Model  contains  a  Performance  submodel  that  calculates  the  life  (from 
deployment  to  failure)  of  each  type  of  landing  mat  under  the  operational 
and  environmental  conditions  of  each  type  of  airfield  in  the  theater  of 
operations.  The  results  of  those  calculations  are  presented  in 
Exhibit  G-9,  following  this  page. 

4.  Results  of  Landing  Mat  System  Life-Cycle  Cost  Calculations 

The  results  of  life- cycle  costs  calculations  for  the  candidate 
landing  mat  systems  are  presented  in  Exhibit  G-10,  following  this  page 
As  described  earlier  in  Annex  D,  18  candidate  systems  (9  basic  mixes 
of  mat  duty  classes  considered  first  with  membrane  underlay,  then 
alternatively  with  integral  waterproofing)  were  identified.  The  9  basic 
systems  were  evaluated  with  5  sets  of  hypothetical  and  existing  mats. 


< 
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EXHIBIT  G-l 
Aircraft  Traffic  Load 
(Sorties/ Month) 


i 


Type  of  Airfield 


Type  of 
Aircraft 

Tactical 

Airfield 

Heavy  Lift 
Airfield 

Medium  Lift 
Airfield 

Light  Lift 
Airfield 

F-111B 

100 

0 

0 

0 

F-4C 

900 

0 

0 

0 

C- 130 

0 

700 

750 

0 

C-123 

0 

75 

80 

0 

C-7A 

0 

160 

170 

1.000 

C-141 

0 

45 

0 

0 

C-5A 

0 

20 

0 

0 

Note:  Development  of  these  data  was  discussed  in  Annex  C. 
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EXHIBIT  G-2 
Aircraft  Characteristics 


ircraft 

Equivalent 
Wheel  Load 
in  Lb. 
ESWL  (C) 

Tire 

Pressure 
in  Psi 

TP  (C) 

Contact 

Area 
in  Sq.  In. 
TCA  (C) 

Sortie  To 
Coverage 
Conversion 
Factor 

F-111B 

50,000 

250 

200 

.  19 

F-4C 

25,000 

250 

100 

.  14 

C-130 

30,000 

100 

300 

.  454 

C-123 

24. 180 

88 

272 

.  192 

C-7A 

12,300 

39 

150 

.  224 

C- 141 

50,050 

185 

208 

.  458 

C-5A 

47,400 

110 

260 

.  722 
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EXHIBIT  G-6 

Landing  Mat  Characteristics 
(Existing  Mats) 


Character - 

__  ,  istics 

Mats 

Cost 

Weight 

Placement  Rate 

$/Sq.  Ft. 

Lb.  /Sq.  Ft. 

Sq.  Ft.  /Manhr. 

Dow  Truss  Web 

3.  00 

6.  34 

390 

XM-20 

3.  00 

6.  05 

310 

XM-19 

3.  50 

4.  1 

350 

XM-18 

3.  30 

4.  8 

350 

AM-2 

3.  30 

5.  89 

390 

Goodyear  All 

Bonded 

3.  30 

4.07 

275 

Harvey  Light 

Duty 

3.  63 

3.07 

225 

M8A1 

0.  88 

7.  5 

243 

All  existing  mats  were  evaluated  with  membrane  and  with  integral 
waterproofing. 
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EXHIBIT  G-7 

Description  of  Theater  Airfields 


Type  of  Field 

Average  Area 
in  Sq.  Ft. 
Area  (F) 

Average 
Sortie 
Distance 
in  Miles 
Dist.  (F) 

Number  of 
Each  Type 
of  Fields 
Num.  (F) 

CBR 
CBR  (F) 

Tactical  Airfield 

1,  525,000 

200 

2 

4 

Heavy  Lift 

2,  673, 500 

200 

2 

4 

Airfield 

Medium  Lift 

785,700 

200 

5 

4 

Airfield 

Light  Lift 

275,500 

100 

6 

4 

Airfield 

EXHIBIT  G-3 
Coverage  Capability  o 
Hypothetical  QMR  Mat 


I 


Preceding  peg®  blank 


•anlimited"  entry  m  the  table  «i  interpreted  u  •  ..o»cra*e  capability  of  -5  000  covcnfei 

.nupufieant  c«,u,valenc>  (actor  uvU.ca.ca  that  opcrauom  of  the  l»«eU  aucra(t  have  an  u»i«mr<a«.  effect  on  mat  operaUonal  Ufe. 
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KX I II  HIT  C.-9 
Coverage  Capability  of 
KxiHting  Mats 


G  -  13 


KXHIHIT  G- 10 
Landing  Mat  Performance 
(Life  in  Month«) 

At  CHK  4 


Type  of 
^  ■ — ^A»r  Field 

Mat  Type 

Tactical 

Heavy 

Lift 

Medium 

Lift 

Light 

Lift 

QMR  Hypothetical  Mat* 

Heavy  Duty  Mat 

39.50 

59.89 

63.46 

111.61 

Medium  Duty  Mat 

3.15 

23.30 

63.46 

III  61 

Light  Duty  Mat 

0.09 

0.59 

2.78 

111.61 

Existing  Mats 

Truss  Web 

59.17 

61.73 

63.46 

1  Rl 

XM-  20 

25.01 

56.75 

63.46 

XM-  19 

5.95 

32.69 

63.46 

K  -  eTB 

XM-  18 

3.66 

24.94 

63.46 

AM  -  2 

2.38 

18.68 

63.46 

111.61 

Good  Year  Bonded 

3.00 

21.96 

63  46 

111.61 

Harvey  Light  Duty 

0.04 

0.22 

1.06 

III  61 

M8  - Al 

0.08 

0.42 

2.16 

111.61 
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The  system  life-cycle  cost.s  diNplayecl  in  Exhibit  G-12  are  based 
on  an  airfield  life  requirement  of  6  months  on  subsurface  of  CHI?  4. 


5.  Results  of  Sensitivity  Analyses 

Exhibits  G-10  and  G-ll  (cited  earlier  in  this  annex)  presented 
the  results  of  Performance  submodel  and  Eife-Cyele  Cost  submodel 
exercises  assuming  a  6-month  airfield  life  requirement  at  CBR  4. 

As  described  in  Chapter  III  of  the  report,  sensitivity  analysis  model 
exercises  were  conducted  at  CBR  values  of  2,  6,  and  8,  and  for  air¬ 
field  life  requirements  of  3  and  24  months. 


The  results  of  these  model  exercises  are  presented  in 
Exhibits  G-12,  G-13,  and  G-14  as  follows. 


Exhibit  G-  12  displays  the  variations  of  mat  life  (for  the 
three  duty  classes  of  hypothetical  mats)  on  operational 
airfields  as  a  function  of  variations  in  subsoil  strength. 
These  results  were  obtained  from  the  Performance 
submodel. 

Exhibit  G-13  displays  the  variations  of  candidate  system 
life-cycle  costs  as  a  function  of  variations  in  subsoil 
strength  with  required  airfield  life  held  constant  at 
6  months. 

Exhibit  G-14  displays  the  variations  of  candidate  system 
life  cycle  costs  as  a  function  of  required  airfield  life  at 
a  CBR  of  4. 
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KxiimiT  c,-n 

Landing  Mat  System  Life  Cyc  le 
Costs  for  6  Month  Mission 
Requirement  On  Various 
CBR  Values 
(Hypothetical  Mats) 


System 

Life  Cycle  Cost  in  Millions  of  Dollars 

Sub  Soil  Strength 

CBR -2 

CBR -4 

CBR  -6 

CBR -8 

1 

63.49 

40.7 

40.17 

40.11 

2 

169.76 

44.9 

31.28 

29.79 

3 

2095.25 

542.0 

218.74 

NO  85 

4 

60.91 

37.9 

35.91 

37.25 

5 

280  46 

59.0 

37.93 

34.08 

88.53 

35.2 

32.68 

33.17 

877.26 

166.3 

73.06 

44.55 

89.01 

35.7 

33.86 

33.63 

390.71 

67.4 

30.50 

2801 

61.44 

38.7 

38.09 

38.03 

165.76 

42.5 

29.00 

27.51 

2053.71 

530.8 

213.68 

107.29 

58.78 

35.7 

35.16 

35.10 

14 

274.48 

56.5 

32.92 

31.88 

IS 

85.99 

33.0 

31.17 

3094 

16 

853.25 

162.3 

70.59 

42.04 

17 

36.45 

33.4 

31.61 

31.39 

18 

384.91 

66.7 

30.20 

27.73 
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EXHIBIT  C» -  1 4 

Landing  Mat  System  Life  Cyc  le 
Costs  for  VariouH  Mission 
Life  Itcquiremonts  On 
CBR-4 

(Hypothetical  Mats) 


Life  Cycle  Cost  in  Millions  of  Dollars 
System  Life  (Months) 


39.51 
33.97 

293.41 

36.66 

45.64 

33.29 

103.76 

33.75 
44.35 
37.43 
31.68 

286  97 

34.51 

43.30 
31.06 

100.76 

31.51 
43.83 


40.75 
44.93 

542.01 
37.89 
59  00 
35.20 
166.37 
35  66 
67.44 
3867 
42.54 
530.84 
35.70 

56.52 
32.96 
162.26 

33.41 

66.75 


48.22 
99.54 
2005.03 
45.29 
110  63 
54  83 
51345 
55.28 
166  28 
46.12 
96.61 

1965.76 
43.1 1 
107.57 

52.41 
50298 
52.85 
164.94 


I  XIIIUIT  (.-IS 

Comparison  of  I  if c  (  yelo  <  osts 
Al  G  Month  Miswion  l.ife,  At 
Various  (  Mils  for  (  ertain 
Medium  Doty  Landing  Mats 
(Millions  of  Dollui  s) 


N.  CLJK 

MATS 

2 

4 

6 

8 

Hypothetical 

160.75 

44.  0 

31.  28 

20.  70 

AM2 

219. 

64.  2 

40.  4 

38.  4 

XM-1H 

147 

43.  2 

30.  2 

25.8 

XM-10 

80.  5 

26.  3 

16.  7 

15.7 
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Kxiiinn  ('.-16 

Fxist mu  Medium  I >ut v 
I  .and  inn  Mat  l.ifr  in  Months 
on  a  Heavy  I.ift  l-'le hi  at  Various 
CHHs. 


'\CRH 

2 

4 

6 

8 

MATS 

Hypothetical 

1.9 

23 

160 

875 

AM2 

1.5 

19 

131 

715 

XM-18 

2.0 

25 

173 

950 

XM-19 

to 

o 

33 

228 

1250 

These  data  are  based  upon  a  25,000  coverage  limitation  and  repre¬ 
sent  a  reasonable  estimate  of  the  variation  in  ma  lives  under  changing 
CBHs  and  the  expected  life  of  each  type  mat  under  such  conditions. 

The  implications  of  the  results  presented  in  this  Annex  are  discussed 
in  Chapter  IV  and  V  of  the  report. 
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ANNEX  H 


THE  LANDING  MAT  EVALUATION  MODEL 
COMPUTER  PROGRAM 

In  this  annex,  the  computer  program  of  the  Landing  Mat 
Evaluation  Model  described  in  Annex  F  is  presented.  Exhibits  F-l, 
F-3,  and  F-7  are  the  pictorial  representation  of  program  logic.  As 
pointed  out  in  Annex  F,  mat  life  and  life-cycle  cost  are  two  outputs 
of  the  model.  The  inputs  to  the  model  are  defined  in  Exhibit  F-2. 

The  computer  program,  shown  in  Exhibit  H-l,  is  written  in 
basic  English  language  on  the  Telecomp- II  time  sharing  computer  of 
Bolt  Beranek  and  Newman,  Inc.  Summaries  of  the  results  of  the 
program  runs  are  presented  in  Exhibits  G-12,  G-13,  and  G-14. 


H-l 


EXHIBIT  H-l 
Computer  Program 


y •CC61  rPt  fuhh  9.ph> 

9.(17  ||J  FApil  9.(1  f  Uh  L*  I  t  I  I  Ci  PUk  Pi  *  I  t  I  1 3 
9.(  ILitP.ONli  tlPi.L.l  J  In  PURPi  9H  PUK  laltltie 
9. m  lYFt  « 

9.(12  l*UNt 

9.(18  Stl  ti  b  L  i-i  i  L 1 1  J*p.  IPi.L.T  jp  UK  IS=|:lt3  PUR  La  1 t  1  t b  P  OK  1  *  I  :  I  s  |  (" 

9.(2  bLl  LUUILJ* I ( ( (CaL  PUk  L*Ul!6 

9  •  (  3  btl  I  FPUI  J*b(»  IFkl2  J*6P»  IFp<l3J*?f  .  1  FN18  J*«P#  I FPi l  b  J»  I  CP.  1  Fk lb  Ja  |  bp 
9.(31  btl  IFkl  7J=2(f.  1  F/URJaabP.  1  Fkl  9  j«3FP»  1  f- K  C  IP ’J=8PP. 

9.  (3a  00  FApfT  9  .F8  P  Uk  C*llltCNU 
9. (3b  UO  FAkl  9.)  / 

9  •  C8  T  =  I 

9. (i  1U  SltF  9.(8  IP  TFICJ«=1FK11 J 
9.(6  I»l4| 

9.  PI  IU  SltF  9.  (a 
9.(8  X  I  » 1 

9.(81  XI*T-»I  IP  T  *  I 
.9.(9  X2*X | -  I 

9  •  1  (  Y1*IF(ti>«.LlCJ/ie((  P> 

9.i(i  yi  =  i  ip  ri=f 
9 .  n  y2=y i •*  i 

9.12  Uu  FAkl  9.13  p  UK  Pi*|t|:3 

9.  l3ALF  =  (tlktPi,  Y8»XlJ-tTklPi»Yl»Xl  J  )  *<  tb*L  l  C  J-LUUl  Y  I  0  ) /<  LuUl  Y2  i -LUU  t  Y  I  J  > 
9  •  I  3  I  ALF*ALF4  t  IK  l  Pi*  Y  1  »X  1  J 

9.  |8bt|a(tlklP.»  Y2.X2  J-tlMP.»Yl#X2  J) * ( tb*Ll C J - LUUIY1  J  >  /  <  LUl/t  Y2  J -LUU  IYI  J  ) 
9«l8l  Htl  «Ht  I  4t  I  h  LP.,  Y  I  j  X2  J 

9.  I  a  lKPiiM,CJ  =  (  ALF-HtT)*<  1KCJ-TFKIX2  J>/(  IFKIXI  J-1FKIX2J) 

9 . 1  a  I  IKPilm.C  J*1kMPi,(;  j  +  Htl 
9.1b  l/UNt 

9.1/  I Y  PL  P  UKM  917 

9.1/1  lYPt  «#C»  lKPllPi.C  J  PUk  Pl«lllS3  PUK  C—  1  X  1  tCNU  IN  P  UKM  91/1 

9.18  UU  FAkl  9. 18a  r  ok  C*1:UCNu  p  uk  Pi=|:ls3 

9  .  |Ma  bdP.f  C  J  =  I  KPilrttC  J/<  .?3*bCk  I  <(tb*LlC  J/<8.  l*CKklP  J)  >-(  ICAIC  J/SFI  )  )  ) 

9.19  rxir.»r,j«i(  »(ai.iP..CJ-.6a3) 

l(.ll  1YFP.  "UU  Y UU  »AnI  IU  AOU  NL*  CkAPlb  IP  NU  NL8  CkAPIh  Akt  AUUtl/” 

I  (  .  (  2  I  Y  Ft-  "iHAi*  LUAU  PlLt  &  1  Y  Ft.  *  I/O  FAkl  ||*  TU  b  I  Ak  I  " 

II. (••3  I'tPiONH  ANbatK  PUk  Ytb*1  »  PUk  NU*? 

I  1.(8  OUNt  IP  ANbatN  =  NU 
ic.ca  DtP.ANu  Cnu  In  puk.v.  ippb 

1(  .lal  .Stl  t  1  1  |M=|,P8C=2»C13('  =  3»P  1  I  8*4.  0  I  23  =  b.  C  7A=b.C  I  4  I  =  7,CbA=8 
K.ca?  lYFt  P  UK  Pi  1  Pb2 

I(.(b3  UtP.ANU  Ck 1C  J  » t.S  k  t  C  J.TPICJ.  ICAICJ.CP  l  C  J  IN  P  UKM  IPb  p  OK  OIMjCnU 

ic. pa*  sti  ck8p  i  icJxCkicj*t.!j*Lioj*t.a*icj»cPi>icJECp  i  c  j  pup*  c*i»ucnu 

H.IP/I  1  Y  Ft  "  UU  Y  UU  */>Nl  IU  CHANbt  IkAppIC  OA1A  YLb  Uk  NU  " 

I  ('.1(72  OtP.AiVb  ANSatk 

I  (  •  I  (’  7  3  10  Fpk  |  11.1(8  It  ANiaLPl  =NU 

I  (•  •  1  (*  7  8  I  Y Ft  PUKPI  117  3.  PUkPi  1178 

l(.l(/a  ULMANU  SjFPil  C»  P  J  PUk  p  =  |  :  I  :  4p  Uk  C*1tllCN0 

I ( . I b  I U  FAk I  9 

I  1.1(1  I  YPt  *'  UU  YOU  *AnI  IU  CHANbt  1HLA1LK  UP  UFtKA  1  I  ON  " 

II.  I  (2  UtMANU  CHANbt  PUK  Ytb  *  V  P OR  NO  *1 
11.1(21  10  FAR1  II. IPS  IP  CHANbt  *N0 

11.1(3  lYFt  "  HUp.  PiANY  lYFtb  UP  PItLUS  ” 

11.1(8  UtPlANl)  1  YFtb 

ll.lPa  lYFt  "FLtASt  I.P.  UA 1 A  " 

II.  |  (a  I  btl  HLP  =2  .  PiLP  *3  .  LLP  *8  »  1ACP»I 
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EXHIBIT  H-l  (Continued) 


I  •  I  0  b  UtMAND  I  YFIP  J.AhtAlP  J. DISUP  J.NUMlP  J  »CBKlP3POk  MlllliYI-^ 

1.107  ^t^lM  «  NUMIP3  *  AktALPJ  POk  ► « *  l  1  l  I  VPtb 

|.|OR  PYPt  "  Akt  1  Htkt  ANY  OHANbtb  I  N  MA  I  CHAk.  ANSstk  YtS  Ok  NO  " 
|.|09  DtMANU  ANS*tk 

I.I1P  10  PARI  11.118  IP  ANSktk  ■  NO 
1.112  UtHAivU  HA  i  YFt 

1. 1  13  Stl  HDM*  1  ihl)«*2.  L  U  H  ■  3  >  HDM*ps4,  MDHMpsb*  LDM»F«6 

|.)14  HAs  MAI YFt 

1.11b  DtMAMl  CUbll  H  J,  *  I  IM  J  »  PLklM3  PUk  Pi*  1  I  I  t  HA 

1 . 1  1  7btMANL)  SCFI »  MHkC»  SFttD,  IIHSk,  LIPSYS#  PAY 

1.118  lYPt  *'Akt  1  Htkt  ANY  C'-IAMatS  IN  1HP.  MAI  SYSItMS  ANS*tk  YtS/NO  ** 

1.119  UtMAND  ANSktk 

1.1240  10  PAki  11.490  IP  ANS*th  ‘NU 

1.121  fitPiAM)  SYSMJ 

1.122  DtMANU  PiAi  l  IYPIP  3»  S  3  P  Ok  pslIlllYFtb  P  Ok  S«lJl»SYSNU 

1  .20  05  CCtM.C  Js2bOO!0  IP  CC l M« C 3 >2bPPC  P Ok  H«|I|I3  P Ok  C>ltllCNO 
1.201  CFMICsP  3»SPMIC.P  3*CFSIC3  POk  Ps|t|t4  P  Ok  OliHCNO 
|.24>3LkFlM.P  »0  3*CPMIC.p  3/CCIM.C3  POk  C«1tI«CNO  POk  P«1tJ»4  POk  Hs1ili3 
1.2031  UO  FAST  11.204  POk  P«l!ll4  POk  Ms|tlt3 
1.2033  DO  FAkT  I  1 .20602 

1.204  ILRMtM.P  3“ILKMtM*P  JU.kPIM.P  »  C  3  POk  C»llIlCN0  POk  TLhnln.  r  W 
I  .20  b  LlPtlM.P 3*1 /TLRMlM.P  J 
1 .22b  1  LIP  tlM.P  .ChktP  HsLIPttH.P  J 
1  •  2  (■  b  DONt 

1.20bP2  1 Y Ft  #»  PUkM  1129 
1  •  2  F  b 1  7YFt  CBN l  I  J  IN  POkH  1  1 2b 
1  .2061  1  TYFt  *,  P  OkM  1 127 
1.20618  DO  STtP  11.2262  PUk  I>i<i|ilt3 

1.2062  TYPt  n,  LIPtlH.I  3*LlPtlN.23»LIFtlM»33»LIPLUr»4J  IN  POkH  1128 
1.2068  OUNt 

1.207  lYFt  LIPtLM.PJ  POk  M*1»|l3  P OR  P-IHI4 

1.48  1 YFt  P  OkM  2 

1.49  btl  LCCTOLS  J*0  POk  S*  I  I  1  iSYbNO 
1.491  1  YFt  0.  0.  POkH  2 

1  •  bP.PiF  DO  FAkI  I  I  .  bOP2  P  OR  P*IUlTrPtS  POk  S*ltllSYSNO 
10002  StT  J»P  .  1*5 
I  O01  mshAI  15*p  J 

lOPIIStl  LI  P 1 1 M»p J«LI P tl M* P #Cbk  J  Ip  M<*3 
1.5012  LlPtlM.P 3*LIPtlM-3.P »CBk3  IP  M>3 

1002  PtkClPJ  *  <CUSHM3-*MtMClh3>  ♦  AKtAlPJ 

1003  OSSCIPJ  *  <  t»TlMj4MLM»lH])*AktAtF  JAbC.Fl  /2000 

1004  1  ISCIP  3*<  AktA  t  P  lH3oMtM*lM3)/PAY>*(  .b*DISUP  J/bFttD)sI  IHSk 

I  OObMPLClP  J*MHRC*< AktAlP  J/PLklMJ) 

lOObl  MtMFLClP  3*MHKC*ARtAlP  J/KtMFtMJ  IP  MtMF  l  M  J  >0 
10402  MtHpLCtP  3*0  IP  MtMFIMjsf 
IOOb3  PLC l  P  3  *  MFLCCP  J+MtHFLCtP  3 
1  00  6  CUFIP 3=FthClP  3«0SSCtP  3UTSCIP  3+ PLC IP  J 

1007  MAINCCP  3  =  .  It  C  CUFIP  3  +  MPLCIP  J)*LIPSY5/LIP tlM.P J 

1008  NkklP J«lP(LlPSYS'LlPtlM»P 3) 

1009  NRFIP  J*NkPlP  3-1  IP  P P(LIPSYS/LIPtlM»P J)*fc> 

1010  kFLClk  3*e.33*NRFtFJ*<CUFlP  J4MPLCIP  J) 

I  OIOS  StF J-*33*< LI F  tlM.P JAfNKFlP  J* I ) -LIP  SYS) SLIP tlM.P  J 

1011  SVCCP  JsptKClP  )*((  .67-.33*NkFlP  3USIP  J  >  -  I  IbCiP  3 -PLC  IP  3 

1012  SVCIP3  *0  IP  bvCIP  3  «*0 

1013  LCCIP  3*C0PlP  UMAINCIP  J4RPLCIP  3 -SVC IP  3 

I014TYPL  LCCtP  3.  PtRClP  J.CDFIP  J.HPLCIP  3.MAINCIP  3.SVCIP  JIN  PORM  I 
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I  «  5  I  4  I  l  YPt  0  Ip  P«* 

I. bib  LCCUUS  J-LCC101S J«LCClf  J 
I  «  b  I  b  UUNt 

1017  I  Y  Pt  4##.PURM  b  I  7*  P  UKM  bl  R 
l.bIR  lYPt  LlPSYS  IN  PORN  b  1 9 
I .  b  I  9  lYPt  CHh  IN  POKM  b2  P 
I  •  b2P  I  YPt.  0,  PUP<M  b2 1  #  0 

I  •  b2P  I  I  YPt  S.LCCTOISJ  In  kukm  b22  POR  S-ltllSYSNU 
I • b22  UONt 
bOO  IbPP 

►  UKM  I 


PLACtUtUtL.  RtPLAC 


(■  UKM  2 

LCC  PthC 

►  L'KPi  22 

* 

KUKM  bl 7 

MAT  SYSTtM  LIPt  CYCLt  CUS1 

P UKM  bl R 
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SALvAbt 


P  UKM 

f  UKM 

t  UKM 

K  UKM 

P  UKM 
000 .0 

t  UKM 


b  I  9 
S2P 
b2 1 
b22 
901 
917 


SYSTtM  LIPt*  00  MQnIH 
CPR»  4 

SYSTtM  LlPtCYCLt  COST 

00  0000000000000 


►  UKM 

I0eb 

MirtHtR 

uk  CRApTS  CuNS I  UtRtl)  *  4# 

f  UK  M 

i  es2 

ChA r  I 

tS*L  PKtSSUPt  CON  AKtA 

COV/SURTIt 

f  UKM 

10b3 
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00 .00 

r  uhM 

1  126 

CPK ■  00 

r  UK  M 
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PlA  1 

TACT  P  ItLl)  HtAvY  P  I  tLD 

MtU  • 

PItLU  LIoHl  PI tLD 

r  uk  m 

1  128 

0  0 
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P  UKM 

1  129 

MAT  LIPt  IN  MONTHS 
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1  I3R 

*  0 

0.000000  0 .000 000 

0 . 000 

P  UKM 
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ANNEX  I 


DATA  SOURCES 


1.  Purpose 

This  annex  lists  the  principal  sources  of  data  used  in  the  study, 
describes  the  types  of  data  obtained  from  those  sources,  and  provides 
a  bibliography  of  principal  reference  documents. 

2.  Data  Sources 

The  data  collection  efforts  focused  on  three  major  sources.  They 
were  the  U.  S.  Army  Engineer  Waterways  Experiment  Station,  the  U.  S. 
Army  Combat  Developments  Command,  and  the  principal  landing  mat 
manufacturers. 

The  Waterways  Experiment  Station,  as  the  landing  mat  development 
agency,  supplied  design,  test,  and  cost  data  from  many  previous  landing 
mat  programs,  and  was  the  principal  source  of  data  used  in  the  study. 

The  design  and  test  data  were  supplied  in  the  form  of  numerous  engineering 
reports  generated  over  many  years  of  landing  mat  development  efforts. 

The  bibliography  at  the  end  of  this  section  lists  only  the  principal  docu¬ 
ments  from  which  reference  material  was  obtained. 


The  U.S.  Army  Combat  Development  Command  served  as  a  major 
source  of  operational  concept  data  in  the  form  of  documentation  of 
previous  studies  which  included  the  employment  of  expedient-surfaced 
airfields  in  the  theaters  of  operations.  These  study  documents  arc  also 
listed  in  the  bibliography. 

The  third  major  source  of  data  v  as  composed  of  a  group  of 
private  companies  which  have  been  heavily  involved  in  landing  mat 
design,  development,  and  production  for  many  years.  The  firms  con¬ 
tacted  during  the  study  were: 

.  Harvey  Aluminum  Company,  Torrance,  California 

.  Kaiser  Aluminum  and  Chemical  Company,  Oakland, 

California 

.  Goodyear  Aerospace,  Inc. ,  Akron,  Ohio 

.  Dow  Chemical  Company,  Midland,  Michigan. 

These  four  firms  have  been,  in  recent  years,  the  principal 
manufacturers  of  landing  mats,  and  were  particularly  helpful  in 
supplying  cost  projections  for  landing  mat  production. 
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